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CHRISTMAS PRESENTS. 


Has your friend a collection of minerals? If so, you may be sure that nothing 
will be more acceptable as a gift than a selection from thousands of beautiful 
specimens that are now on exhibition at our great store. We offer the most 
beautiful Sulphurs, Selenites, Hematites, Pyrite, Rubellite, Aragonite, Aragonite 
pseudomorphs, Amazon stone, Paisbergite, Vanadinite, Wulfenite (red and yel- 
low), Chrysobery], Topaz, Garnets of many forms and colors, Amethyst, Jasper- 
ized Wood, Sunstone, Opal, Mexican Onyx, Native Silver and Copper, and 
hundreds of others too numerous to mention. 

Specimens of many of the above can be purchased at from 25c. to $1.00 that 
will make handsome paper weights. 

If your friend likes rare minerals we have here the largest collection in the 
world; such as Boleite, Cumengite, Eudidymite, Phosgenite, Anglesite (the 
cheapest ever known, 25c. and upwards), Matlockite, Meneghinite, Hauerite, 
Laurionite, Serpierite, Meteorites containing diamonds at exceedingly low prices, 
and a great many others. 

Send him an Apatite for his Christmas (dinner). 

Send for our 128 page illustrated Catalogue of Minerals. Sent free to all 
reauesting it on headed paper, to others 5 cents. Heavy paper edition 10 cents. 
Bound in cloth 25 cents. 

If your friend has a taste for Natural History but has not already a collection 
he will be delighted with one of our Systematic Collections which we sell at 
from $5.00 to $50.00 for one hundred specimens. They are the cheapest known. 
For a boy or girl one of our hard wood cases should accompany the collection. 
In these times it may be preferred to present our Collection of Crystals and 
Fragments one hundred for $1.00, or in neat hard wood box with divisions for 
$2.00. 


SCIENTIFIC BOOKS. 


Many of our Scientific Books will be far more acceptable as presents than 
novels or historical works. Let us know what subject your friend is interested 
in and we will send you a Catalogue of books on that subject free. 

The following are a few valuable books that we wish to call especial attention 
to. 

Smithsonian Contributions to Knowledge. 26 vols. 4to, pub- 
lished at over $300 and vol. 1 alone worth $25 to $35, Many others eut 


Smithsonian Collections. 32 vols. published at over $150 and 

Smithsonian Annual Reports. 36 vols., many out of print...._- 10.00 
California Botany. By Gray, Watson and Brewer. 2 vols. 4to.- 7.50 
Say. Entomology ed. by LeConte. 54 col. plates. 2 vols., $8.50, 

American Philosophical Society Proceedings, first 14 vols. 

Pub. at $70.00, many rare and out of print.... ............-..-.....- 40.00 
Baird, Brewer and Ridgeway. Land Birds. 3 vols. 64 plates, 


593 illustrations, 4to, $20.00, or colored, 


FOOTH, 


1224-26-28 North Forty-first Street, Corner of Viola, Philadel- 
phia, Pa, a. 
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Art. XLVI.—On New England and the Upper Mississippi 
basin in the Glacial period; by JamMES D. Dana. 


SincE the publication, in this Journal, of Prof. G. F. 
Wright’s paper on the Unity of the Glacial epoch, nearly a 
year since,* this subject has been much discussed in the scien- 
tific journals of the country, and with some interesting develop- 
ments besides those within the purpose of the writers. 

First. It has been shown that there are good working geol- 
ogists on each side of the question. 

Secondly. It has been made manifest that the advocates of 
unity are mainly the geologists that have investigated eastern 
glacial regions in the country, and especially New England, 
while the advocates of two Glacial epochs are chiefly those 
whose glacial studies have been in more western regions. 

The writer, who has thus far. taken no part in the recent 
‘discussion, here states that he has found in his geological ex- 
plorations, which have been extensive over New England, the 
State of Maine excepted, no facts that require for their explana- 
tion an appeal to two glacial epochs, and none that has even 
suggested the idea. 

Thirdly. The presentation of arguments on the side of 
unity has been moderate in tone and free from dogmatism. 
Among geologists on the other side, great confidence in the 
obvious facts has given occasion to expressions almost of accom- 
plished triumph for the two-epoch theory. 


* Volume xliv, page 351. 
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Fourthly. Among the prominent glacial investigators, one 
has been on both sides of the question. Having studied 
glacial phenomena long and faithfully in New England, 
Warren Upham explained the facts which he had observed on 
the theory of one advancing and retreating glacier, and found 
evidence of its terminal moraine and another halt moraine in 
the islands south of New England and on part of the adjoin- 
ing main land. But after some years of study in Minnesota 
and the neighboring States and over the region northward 
through Manitoba, he adopted the theory of two glacial epochs. 
Returning again to New England and revising the facts there 
presented, he was led back to his former opinion, as he has 
announced in his recent papers. Since no geologist in America 
is better acquainted with the facts on the two sides, or more 
faithful and earnest in glacial investigation, these changes in 
his conclusions have special interest. 

Fifthly. As the above review of facts makes manifest, the 
division among geologists on the question, and the differences 
in intensity of opinion, are to a large extent geographical. 


The cause of this sectional divergence in views deserves con- 
sideration. The writer has come to the conclusion that the 
cause is largely metevrological : that the geological differences in 
opinion are a consequence not only of differences in observed 
facts in the west as compared with those of the east, but back 
of these, in meteorological differences in the two regions dur- 
ing the Glacial period. 


At the present time the glaciated areas of eastern and central 
North America differ widely in hygrometric conditions. For 

New England and three-fourths of the State of New York 

the mean annual precipitation, according to Schott’s maps, 

varies from 38 to 42 inches—a broad coast region, nearly half 

the breadth of New England, excepted over which it amounts 

in some parts to 50 inches; while for Wisconsin, it varies from 

32 to 38 inches, and for the larger part of Minnesota, from 20° 
to 32 inches. North of New England in British America 

east of Hudson’s Bay the annual precipitation is from 32 to 

20 inches; but to the west of this region over Manitoba and 

beyond, it is 20 to 10 inches. 

Here is a large present difference between the eastern and 
western regions, affecting snow-falls as well as rain-falls. 

Now in the Glacial period, this eastern region would not 
only have had the same great advantage as now of proximity 
to the Atlantic Ocean, but also that of greater height than 
now. The evidence appears to be conclusive that along the 
Atlantic side of the continent from southern New England 
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northward, as well as on the Pacific side, the continent stood 
much above its present level, and that the elevation was the 
culmination of that which was in progress during the closing 
part of the Tertiary era,—as urged by Prof. Upham. How- 
ever much the surface of the great medial valley of the conti- 
nent was raised, it cannot be reasonably questioned that the 
border mountain regions experienced the greater amount of 
elevation. Hence, with the mountain condensers on the east 
so much increased in altitude and extent, the differences be- 
tween the eastern and interior regions as to precipitation would 
have been greatly augmented, to the advantage of the eastern 
region. 

Further, the Glacial period was probably a time of greater 
precipitation than now, as well as of greater cold. Some have 
said, of greater precipitation, and not of greater cold; but the 
former of these two statements has general acceptance. If the 
surface waters of the Atlantic basin were warmer than now— 
owing to a rise of land along a belt from southeast to north- 
west through Iceland as part of the general rise on the Ameri- 
can and European sides—this would account for greater pre- 
cipitation on the borders of the ocean, and especially over its 
western border, the American. 

But leaving this source of increased precipitation out of con- 
sideration, it is plain that in the Glacial period the difference 
in amount of precipitation over the high eastern border made 
into a lofty ice plateau by the accumulation of snow and ice, 
and over the broad medial belt from Wisconsin and Minnesota 
northwestward, should have been much greater than it is now. 
Moreover, this central valley of North America would have 
had something of the existing disadvantage of a relatively 
warm summer teraperature. At the present time, in July, a 
mean temperature of 70° F. extends beyond the latitude of 
Lake Winnipeg even to 56° N., and this is 10° in latitude, or 
nearly 700 miles, farther north than the position of the same 
heat-line over New England. 

The advantages for ice-making of eastern over central North 
America were, therefore, very great, both as regards tempera- 
ture and precipitation. When the conditions over the interior 
were sufficient to produce a small annual gain of ice, those 
over New England would have been making a very large 
annual gain. A small gain continued for many scores of cen- 
turies would make finally a great thickness of ice. But with 
the conditions over the interior near the critical point, a small 
unfavorable meteorological change if long continued, might 
varry off the ice for scores or hundreds of miles from a 
southern limit, with proportionate floods from the melting, 
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while the eastern border was all the time gaining in ice, or 
was making only a short retreat. 

The actual facts correspond with these views. The distance 
in the Upper Mississippi basin between the farthest southern 
limit of the ice and the line of the great moraine, or that of 
the so-called “second Glacial epoch,” is over 500 miles ; but to 
the eastward it narrows through Indiana, Ohio, Pennsylvania 
and New Jersey ; and in New England a corresponding moraine 
interval cannot be certainly made out, and nothing exists that 
could not be better explained by reference to short retreats in 
a single glacier. 

I leave the subject here for the consideration of geologists of 
the east and west. The cause appealed to explains at least 
why the geologists of the east and west are divided on the 
subject ; and, also, why the grand display of terminal and re- 
treat moraines characterizing the west, produces there the 
stronger opinions and the stronger expressions of opinions; 
and why also a complete survey of the facts will probably lead 
to a general agreement in favor of a single Glacial epoch only. 


Art. XLVII.—On the Use of the Name “ Catskill”; by 
JOHN J. STEVENSON. 


Two years ago, the writer* urged that the series of beds 
included within the Catskill and Chemung periods, should be 
rouped into one period, the Chemung, with thre2 epochs, the 
ene the Chemung and the Catskill. Since that time 
Prof. Hallt+ has presented in detail the results of his later 
studies in the Catskill region, and Mr. N. H. Dartont has pub- 
lished a brief synopsis of work done by him for Prof. Hall 
in the same region. These papers supplement and confirm the 
previous notices of work done by Prof. Hall, as given by him§ 
from time to time in his official reports and elsewhere. In 
closing his paper, Mr. Darton suggests that “Catskill” be 
applied to the Upper Devonian as the name for the whole 


* Stevenson, The Chemung and Catskill (Upper Devonian) on the eastern side 
of the Appalachian basin. Vice-President’s address before Amer. Assoc. Adv. 
Sei., vol. xl. 

t Hall, Bulletin Geol. Soc. of Amer., vol. iv, p. 8. Unfortunately only a refer- 
ence to the paper is given with a brief statement respecting the discussion. The 
paper has not been published. 

This Journal, vol. xlv, 203-209. 

§ Hall, 28th Ann. Rep. of Regents on the State Museum, 1876, p. 15; Science, 
1880, p. 290; Fifth Ann. Rep. of State Geologist, Assembly Doc. No. 105, 1886, 
p. 11. In this last the true relation of the Oneonta sandstone to the underlying 
Hamilton and the overlying Chemung was stated and illustrated by a section. 
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period and that its use as the name of an epoch be discarded ; 
this, in view of the new light thrown upon the subject by his 
aper. Mr. Darton has presented the conditions in the Cats. 
Kil Mountains with great clearness and he has increased our 
stock of knowledge by the addition of details which fill up 
the gap for a portion of the southern border of New York, 
but the writer cannot see that any light has been shed upon 
the general problem of relations, which was not shining when 
the Address, already referred to, was prepared two years ago. 

The making of names for local groups of rocks, if one 
wish to employ them, is simple enough; they may refer to 
some physical character, to the distribution of some fossil or to 
the locality itself. But to find a name for a vast formation is 
far from simple. The problem is to give some definitive appel- 
lation to a series of rocks covering or underlying many thou- 
sands of square miles, showing variations in lithologic charac- 
ters and in thickness, in the distribution or even in type of 
animal or vegetable life. A name based wholly on paleonto- 
logical grounds would be misleading; equally so would be one 
similarly based on lithologic characters. Evidently the only 
recourse is a geographical term referring to some locality, 
where one may find as nearly as may be, an average of all con- 
ditions shown in the areas available for study. No name 
should be given until after careful comparisons, that a wrong 
typical loeality be not selected. 

A single instance may be mentioned as illustrating the diffi- 
culty. The term “Umbral,” applied by H. D. Rogers to the 
upper division of the Lower Carboniferous, being unaccepta- 
ble, that group received from the 2d Geologica! Survey of 
Pennsylvania the name of Mauch Chunk Red Shale. This 
name answers well for the northeast corner of Pennsylvania, 
in the vicinity of the anthracite region, but it is found less 
and less applicable as one recedes from that region toward the 
southwest and southwardly along the easterly outcrop line; for 
sandstones, limestones and shales of different types are found ; 
soon the limestones become important ; eventually in the Vir- 
ginias they predominate and the Mauch Chunk shales become 
an insignificant feature of this group, which represents the 
Chester and St. Louis, with part at least of the Keokuk of 
the Mississippi valley. Long ago, W. B. Rogers gave to 
this series the name of Greenbrier Group; on Greenbrier 
River of West Virginia the shales of northeastern Pennsy]l- 
vania and the limestones of southwestern Pennsylvania are 
found developed to their greatest extent. This naming proves 
to be defensible on paleontological grounds as well---in almost 
every instance, careful stratigraphical and careful paleonto- 
logical work come out closely in accord. 
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This case is very similar to that in hand. The problem isto 
give a name to the series of rocks between two sufficiently 
well defined limits, the Hamilton below and the Pocono above. 
The series in all its parts is practically persistent for fully six 
hundred miles along its easterly outcrop, from within a few 
miles of the Tennessee border through Virginia, Maryland, 
Pennsylvania and New York into the Catskill Mountains. 
Sections taken at short intervals show remarkable resemblance 
in detail, remarkable uniformity in the more important beds 
until within a short distance of the New York line, where 
the lithologie features hitherto characterizing only the highest 
members of the sections extend lower and lower until, in the 
Catskill Mountain region, they become almost equally charac- 
teristic of the lowest members. As the writer has shown for 
northern Pennsylvania along the State line by comparison of 
sections made by White, Ashburner and Sherwood and, as 
was shown by Hall and now also by Darton for southern New 
York, the same condition is observed in coming eastward 
toward the Catskill region. Recognizing this condition, but 
seeming to regard its discovery as new, Mr. Darton says: 

“ As the Catskill in its type region comprises Portage and 
Chemung, my proposition now is to discontinue the use of 
Catskill as a cobrdinate formation term and use the term Cats- 
kill group to include the Portage and Chemung formations, 
the latter extending to the base of the Lower Carboniferous. 
I believe the Chemung and Portage are formations distinctly 
separable over a wide area, but Chemung and “ Catskill” as 
formations are only separable by a lithologie distinction, which 
progressively varies several thousand feet in stratigraphic posi- 
tion in the extension of the beds across southern New York.’’* 

This is now no mere strife about words; possibly were the 
name to be given de novo, the case might be different. But 
this is no beginning; the three groups, Portage, Chemung 
and Catskill have been recognized for forty years ; they are 
recognizable as separate in an immense area, compared to 
which the Catskill Mountain region of New York is utterly 
insignificant. A lithologic distinction between Chemung and 
Catskill was not the basis on which the groups were separated 
in the typical locality of the latter, which is Susquehanna 
County of Pennsylvaniat and no such distinction can be used 
with safety. That feature. however, was used in other locali- 
ties, by Vanuxem himself as well as by other observers, in 
order to determine equivalence. This test led to Prof. Hall’s 
placing of the Lower Chemung near Blossburg, Pennsylvania, 
into the Old Red Sandstone and therefore to regard the 


* Darton, loc. cit., p. 209. 
+ Vanuxem in Assembly Doc. No. 50, 1840, p. 381. 
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Holoptychius beds of Tioga County, Penn., as Catskill, where- 
as they lie but little above the Lower Chemung Conglomerate 
(Allegrippus of White), which, in Susquehanna County of 
Pennsylvania is at 1000 feet below the Montrose sandstone 
(Honesdale Sandstone of White), while in south central Penn- 
sylvania along the easterly outcrop, the bed is fully 2000 feet 
below the Montrose sandstone. And the use of this lithologie 
test has been the cause of confusion and annoyance ever since. 

The objections to the use of the name Catskill for the whole 
series are so strong as to render it certainly unwise if not alto- 
gether wrong; and they apply equally to the proposed disuse 
of the term to distinguish a subordinate formation. 

That the Catskill Mountain region is not the typical area of 
the Catskill Group has been mentioned. It was there that 
Mather* found his “ Catskill Mountain Series,” which included 
all the rocks of the Catskill region from the Lower Carbon- 
iferous Sandstone of H. D Rogers down to the bottom of the 
Marcellus, so that it comprehended the Hamilton, Chemung 
and Catskill as well as part of the Pocono. Vanuxemt used 
the term “ Catskill Group” in his final report to designate the 
summit rocks of the Devonian, the group to which he had 
given the name of Montrose sandstone in the fourth annual 
report.t The distribution of the group as given in the final 
report differs little from that given in the annual report, but 
in the former the Oneonta sandstone is taken as the equivalent 
of the Montrose sandstone. The series was taken to be the 
same with the Old Red Sandstone of Prof. Halls whicly rests 
in the Chemung Group. 

In spite of Vanuxem’s error in the final report, that of 
identifying the Oneonta with the Montrose sandstone, it is 
doubtful whether any geological term has ever been applied to 
a better defined group than that made by Vanuxem in the 
fourth annual report, to which he gave the name of Catskill in 
his tinal report. The Montrose sandstone is a thoroughly well 
marked horizon, obscure only in the exceedingly restricted 
area of southern New York: it is traceable without difficulty 
in the sections-along the eastern outcrop from northeastern 
Pennsylvania to many miles beyond New River in Virginia. 
Its variations in northern Pennsylvania westward are well 
shown in the sections obtained by [. C. White and in southern 
Pennsylvania westward in the sections obtained by Stevenson. 

The Catskill of Vannxem is distinct also in its history ; its 
distribution is very different from that of the Chemung ; it is 


* Mather, Assembly Doc., No. 15, 1841, pp 77-82. 

+ Vanuxem, Geology of New York, Part III, 1842, p. 12. 
¢ Vanuxem, Assembly Doc., No. 50, 1840, p. 381. 

$ Hall, Assembly Doc, No. 50, 1840, p. 452. 


5 
| 
4 
\ / 
3 
| 
4 
ag 
i 


834 Stevenson— Use of the Name “ Catskill.” 


local. In southern Pennsylvania near the Maryland line its 
whole thickness of 3700 feet disappears within less than 60 
miles westward from the eastern outcrop; in northern Penn- 
sylvania it has practically disappeared before Blossburg in 

ioga County has been reached; in southern New York, it 
should not reach beyond Chemung County. It must not be 
understood that this means that red rocks disappear; red rocks 
occur far below the Montrose at many places, so that rocks of 
“the Catskill type,” as Ashburner termed them, appear at 
many localities west from the line of Catskill disappearance. 
The Chemung extends far to the west beyond the last traces 
of the Catskill and is easily recognized in western Pemnnsy]l- 
vania and in Ohio. 

The Catskill is as well defined as any group in the Devonian 
column ; it is impossible, therefore, to discard the name as one 
designating a subordinate division of a series, the essential 
unity of which appears now to be conceded as fully as is the 
unity of the Hamilton or Niagara. The question still remains, 
however, does this Catskill portion so present the characters of 
the whole series as to justify the application of its name to the 
whole Upper Devonian period ? 

It is impossible to answer this question in the affirmative, 
for were the name so employed, it would give an erroneous 
impression respecting the conditions prevailing in by far the 
greater part of the Appalaghian basin during most of the 
immense period represented by the Portage, Chemung and 
Catskill. It must be remembered that the Catskill Mountain 
region is not the typical area of the group which Vanuxem 
named “Catskill.” The Catskill Mountain region, far from 
being the typical area of anything, has always been the area of 
doubt and dispute. Mather’s too hasty gathering in of the 
red beds and Vanuxem’s error respecting the relation of the 
Oneonta to his Montrose sandstone produced uncertainty for 
more than a third of a century and led to error in adjacent 
regions. The work in Pennsylvania did much to prepare the 
way for reconciliation of the facts which seemed to be at vari- 
ance; but Prof. Hall’s recognition of the relations of the 
Oneonta* sandstone removed the mystery and made every- 
thing distinct. 

He has shown that the Oneonta sandstone, instead of rest- 
ing on the Chemung, is the base on which it rests, is, in fact 

ractically, the eastward prolongation of the Portage. Mr. 
Patents section from Broome County of New York eastward 
shows the same thing. 


* Hall, Fifth Ann. Report of State Geologist, Assembly Doc., No. 105, 1886, 
p. 11. 
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The constancy of the conditions within the Catskill Mountain 
area from the very beginning of the Upper Devonian made 
the relations of its ae to those of other regions very per- 
plexing. As Prof. Hall has shown, even before the close of 
the Hamilton, the conditions became unfavorable to animal 
and vegetable life and favorable to the formation of red beds ; 
and these conditions, with rare interruptions, continued until 
the end of the Devonian. But as one recedes from the area 
of the Catskills, he finds that these conditions did not begin 
alike early everywhere* and that the horizon at which red 
rocks become a marked feature, varies stratigraphically not 
less than 3000 feet ; and the upper limit of animal life varies 
even to nearly 4000 feet, there being localities where some 
mollusean forms were able to sustain themselves amid the red 
beds at the very top of the section. 

But this was no hap-hazard variation. The writer has shown 
that the conditions beginning so early in the Catskills of New 
York, spread toward the south and west slowly but steadily 
until at the close of the Devonian, they prevailed along the 
easterly outcrop to beyond the New River in Virginia and 
westward to the limits already given as those of the Catskill. 
The characteristic fossil of the Oneonta sandstone (Portage) in 
New York is the Amphigenia, commonly thought to be a 
freshwater form. As the conditions favorable to the existence 
of this molluse extended, the geographical distribution must 
have become greater, so that there was no reason for surprise 
when, in 1881, the writer discovered that form near the sum- 
mit of the Montrose sandstone in southwestern Pennsylvania, 
several thousand feet above the Portage, its horizon in the 
Catskills. 

But these conditions spread very slowly; Mr. Darton’s sec- 
tion from Broome County eastward in New York exhibits the 
changes observed previously in northern Pennsylvania by I. C. 
White and in southern Pennsylvania by Stevenson. So slowly 
did they spread, that for a very long period, lasting almost to 
the end of the Chemung, as limited above by Vanuxem, they 
had reached southwestward to barely 75 miles within Penn- 
sylvania and westward but little further—an utterly insignifi- 
cant area when we remember that the whole series has been 
examined along the easterly outcrop for 500 miles further 
southwestwardly and that, by means of the oil-borings and 
the successive anticlinals, the section is familiar to the south- 
western limit of Pennsylvania; while the tracing along the 
northern line of Pennsylvania and the southern line of New 
York is sufficiently simple. Southwardly in Pennsylvania, 
one comes quickly to sections showing fossiliferous beds in the 


* Stevenson, loc. cit. 


| 
: 
i 
Fe 
| 
* 
F 
| 


386 =o. oS. Stevenson— Use of the Name “ Catskill.” 


lower portion ; each succeeding section in that direction shows 
the fossiliferous portion extending higher and higher, until in 
Huntingdon County, the whole mass below the Montrose sand- 
stone, 4,675 feet thick, is more or less fossiliferous—the fossils 
being most abundant in beds near the top of the column. In 
southern Virginia, however, the change is more noteworthy, 
for there within Roanoke County, the writer in 1890 found 
Chemung forms far up in what is unquestionably the Catskill. 
Going westwardly, one finds the matter equally clear, the fos- 
siliferous beds occurring higher and higher, while the whole 
mass diminishes in thickness ; so that before western Pennsy]l- 
vania has been reached Chemung fossils are present at the top 
of the section, the Montrose or Catskill having thinned out 
and disappeared. 

So then, the “ Catskill condition” existed within a very cir- 
cumscribed area until the close of the Chemung epoch; but 
for some reason, the area was enlarged greatly during the Cats- 
kill. Red beds, it is true, had made their appearance at many 
localities long before that time, but, for the most part, they 
are insignificant features in the sections. It is sufficiently 
clear that to apply the name Catskill to the whole series of 
rocks would be to apply a term which would be misleading. as 
it refers to a locality exhibiting characteristics wholly or almost 
wholly absent from most or all of the section in nine-tenths of 
the area in which the series can be studied within the Appa- 
lachian region. 

Of course, there are objections to the use of the term 
“Chemung” for the whole series; not much of the Catskill 
portion is present in the immediate region where the Chemung 
was studied by Hall in 1839. But undoubtedly there is a rem- 
nant of that group there, so that representatives of all three 
divisions of the series can be gathered under the name. The 
only objections to the use of the name are such as apply to the 
use of any geographical term; but the reasons favoring its 
use far outweigh any objections which may be offered. 

In probably nine-tenths of the area in which this series is 
exposed within the Appalachian basin, the Chemung, that por- 
tion below the Montrose or Catskill of Vanuxem, is the 
important portion of the series; it is the persistent portion, 
with certain beds which are traceable directly over almost the 
whole region outside of the Catskill Mountain area; whereas 
the Catskill is not the persistent portion, oecupying as it does 
only the long trough rudely parallel to the Blue Ridge from 
southern New York to very near the Tennessee line, as already 
defined. More than that; the fauna, termed Chemung by 
Hall in New York is typical of the whole section below the 
Montrose sandstone and in Virginia passes even into that por- 
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tion of thesection. Catskill is vy ud epochal but “ Chemung” 
carries with it the conception of those physical and biological 
characteristics which mark the great closing period of the 
Devonian. 

Chemung, therefore, and not Catskill is the epoch whose 
name should be applied to designate the whole group, while 
Catskill must be retained in its original signification only. 

University of the City of New York. 


Art. XLVIII.--The Finite Elastic Stress-Strain Function ; 
by Gro. F. BEcKEr. 


Hooke’s Law.—The law proposed by Hooke to account for 
the results of experiments on elastic bodies is equivalent to :— 
Strain is proportionate to the load, or the stress initially applied 
to an unstrained mass. The law which passes under Hooke’s 
name is equivalent to:—Strain is proportional to the final stress 
required to hold a strained mass in equilibrium.* It is now 
universally acknowledged that either law is applicable only to 
strains so small that their squares are negligible. There are 
excellent reasons for this limitation. Each law implies that 
finite external forces may bring about infinite densities or 
infinite distortions, while all known facts point to the conelu- 
sion that infinite strains result only from the action of intinite 
forces. When the scope of the law is confined to minute 
strains, Hooke’s own law and that known as his are easily 
shown to lead to identical results; and the meaning is then 
simply that the stress-strain curve is a continuous one cutting 
the axes of no stress and of no strain at an angle whose tangent 
is finite. Hooke’s law in my opinion rests entirely upon ex- 
periment, nor does it seem to me conceivable that any process 
of pure reason “should reveal the character of the dependence 
of the geometrical changes produced in a body on the forces 
acting upon its elements.’+ 

Purpose of this paper.—So far as I know no attempt has 
been made since the middle of the last century to determine 
the character of the stress-strain curve for the case of finite 
stress.$ I have been unable to find even an analysis of a 
simple finite traction and it seems that the subject has fallen 
into neglect, for this analysis is not so devoid of interest as to 
be deliberately ignored, simple though it is. 


* Compare Bull. Geol. Soc. Amer.. vol. iv, 1893, p. 38. 

+ Saint-Venant in his edition of Clebsch. p. 39. 

tJ. Riccati, in 1747, a brief account of whose speculation is given in Todhunter’s 
history of elasticity, proposed a substitute for Hooke’s law. 
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In the first part of this paper finite stress and finite strain 
will be examined from a purely kinematical point of view; 
then the notion of an ideal isotropic solid will be introduced 
and the attempt will be made to show that there is but one 
function which will satisfy the kinematical conditions con- 
sistently with the definition. This definition will then be com- 
pared with the results of experiment and substantially justified. 

In the second part of the paper the vibrations of sonorous 
bodies will be treated as finite and it will be shown that the 
hypothesis of perfect isochronism, or perfect constancy of pitch, 
leads to the same law as before, while Hooke’s law would in- 
volve sensible changes of pitch during the subsidence of the 
amplitude of vibrations. 

Analysis of shearing stress.—Let R, N and T be the resul- 
tant normal and tangential stresses at any point. Then if N,, 
N, and N, are the so-called principal stresses and A, p, » the 
direction cosines of a plane, there are two stress quadrics 
established by Cauchy which may be written 


= + + Nie’, 
MN = NA’ + + N,v’. 

= (N, — + (N, — + (N, 
and these formulas include the case of finite stresses as well as 
of infinitesimal ones. 

In the special case of a plane stress in the zy plane, N, = 0 
and » = 0, and the formulas become 
= NA’ + 
— 
In the particular case of a shear (or a pure shear) there are 
two sets of planes on which the stresses are purely tangential, 
for otherwise there could be no planes of zero distortion. 
On these planes % = 0, and if the corresponding value of 
is a, 


—Na=N,/a. 


If this particular quantity is called @Q/3, one may write the 
equations of stress in a shear for any plane in the form 


42 
— + — 
¢ Ma a? 
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For the axes of the shear the tangential stress must vanish, so 

that A or # must become zero, and therefore the axes of # and 

y are the shear axes. If %, and ®, are the normal axial 

stresses, one then has 
—N,a=N,/a= Q/3. 

A physical interpretation must now be given to the quantity 
a. In a finite shearing strain of ratio a, it is easy to see that 
the normal to the planes of no distortion makes an angle with 
the contractile axis of shear the cotangent of which is a If 
the tensile axis of the shear is the axis of y, and the contractile 
axis coincides with w, this cotangent is 4/z. Hence in the 
preceding formulas a is simply the ratio of shear. 

In a shear of ratio a with a tensile axis in the direction of 
oy, minus X,a is the negative stress acting in the direction of 
the # axis into the area a on which it acts. It is therefore the 
load or initial stress acting as a pressure in this direction. 
Similarly 9t,/a is the total load or initial stress acting as a ten- 
sion or positively in the direction oy. Hence a simple finite 
shearing strain must result from the action of two equal loads 
or initial stresses of opposite signs at right angles to one another 
Hy, common value of the loads being in the terms employed 
()/3. 

‘ is now easy to pass to a simple traction in the direction of 
oy since the principle of superposition is applicable to this 
ease. Imagine two equal shears in planes at right angles to 
one another combined by their tensile axes in the direction oy, 
and let the component forces each have the value Q/3. To 
this system add a system of dilational forces acting positively 
and equally in all directions with an intensity Q/3. Then the 
sum of the forces acting in the direction of oy is Q and the 
sum of forces acting at right angles to oy is zero. 

Inversely a simple finite load or initial stress of value Q is 
resoluble into two shears and a dilation, each axial component 
of each elementary initial stress being exactly one-third of the 
total load. Thus the partition of force in a finite traction is 
exactly the same as it is well known to be in an infinitesimal 


traction, provided that the stress is regarded as initial and not 
final.+ 


* This proposition I have also deduced directly from the conditions of equilib- 
rium in Bull. Geol. Soe. Amer., vol. iv, 1893, page 36. It may not be amiss here 
to mention one or two properties of the stresses in a shear which are not essential 
to the demonstration in view. The equation of the shear ellipse may be written 
in polar codrdinates 1/r’=a?u?+a-*/?. Hence the resultant load on any plane 
whatever is Rr=+Q/3. The final tangential stress is well known to be maxi- 
mum for planes making angles of 45° with the axes; but it is easy to prove that 
the tangential load, Tr, is maximum for the planes of no distortion. These are 
also the planes of maximum tangential strain. Rupture by shearing is deter- 
mined by maximum tangential load, not stress. 

+ Thomson and Tait, Nat. Phil., section 682. 
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Application to system of forces.—Without any knowledge 
of the relations between stress and strain, the foregoing an- 
alysis can be applied to: developing corresponding systems of 
stress and strain. Let a unit cube of an elastic substance pre- 
senting equal resistance in all directions be subjected to axial 
loads P, Y, &. Suppose these forces to produce respectively 
dilations of ratios h,, ,, h, and shears of ratios p, g, 7. Then 
the following table shows the effects of each axial foree on 
each axial dimension of the eube in any pure strain. 


Active force 
Axis of strain “ey z@ 
Dilation h, h, h, 
Shear p 1 
Shear p 1 


Grouping the forces and the strains by axes, it is easy to see 
that the components may be arranged as in the following table, 
which exhibits the compound strains in comparison with the 
compound loads which cause them, though without in any way 
indicating the functional relation between any force and the 
corresponding strain. 


Pure Strains. 


Dilation 


? 
1 


Shear 
Pq 
hh hh hg 


Shear 


Products 


Loads or Initial Stresses. 
Axes 


Dilation 


Shear 


Shear 


Sums 


| 
| | 
eye ey 
h, h, h, h, h, h, 
1 
—2R|' P+Q-2R 
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In many eases it is convenient to abbreviate the strain pro- 
ducts. Thus if one writes A,A,A,=h, gr/p’=a and pg/r=8, 
the product are A/a, haf and h/j. 

Inferences from the table.—It is at once evident that the 
load sums correspond to the products of the strain ratios, and 
that zero force answers to unit strain ratios. There are also 
several reciprocal relations which are not unworthy of atten- 
tion. If R=Oand Q=—/, the strain reduces to a pure shear. 
But the positive force, say Q, would by itself produce a dila- 
tion A,, while the negative foree, minus P, would produce 
cubical compression of ratio 4, <1. Now a shear is by defini- 
tion undilatational and therefore, in this case, 4,7,=1. Hence 
equal initial stresses of opposite signs produce dilatations of 
reciprocal ratios. The same two forces acting singly would 
each produce two shears while their combination produces but 
one. @ would contract lines parallel to oz in the ratio 1/g 
while minus ? would elongate the same lines in the ratio p/1. 
Since the combination leaves these lines unaltered, p/g=1. 
Hence equal loads of opposite signs produce shears of recipro- 
eal ratios. It is easy to show by similar reasoning-that equal 
loads of opposite signs must produce pure distortions and ex- 
tensions of reciprocal ratios. 

Strain as a function of load —One may at will regard 
strains as functions of load or of final stress; but there seem 
to be sufficient reasons for selecting load rather than final stress 
as the variable. To obtain equations giving results applicable 
to different substances, the equations must contain constants 
characteristic of the material as well as forees measured in an 
arbitrary unit. In other words the forces must be measured 
in terms of the resistance which any particular substance pre- 
sents. Now these resistances should be determined for some 
strain common to all substances for forces of a given intensity. 
The only such strain is zero strain corresponding to zero force. 
Hence initial stresses or loads are more conveniently taken as 
independent variables.* 


Argument based on small strains. 


Physical hypothesis.—In the foregoing no relation has been 
assumed connecting stress and strain. The stresses and strains 
corresponding to one another have been enumerated, but the 
manner of correspondence has not been touched upon. One 
may now at least imagine a homogeneous elastic substance of 
such a character as to offer equal resistance to distortion in 


_* When the strains are infinitesimal, it is easy to see that load and final stress 
differ from one another by an infinitesimal fraction of either. 
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every direction and equal resistance to dilation in every direc- 
tion. The two resistances may also be supposed independent 
of one another—for this is a more general case than that of 
dependence. The resistance finally may be supposed continuous 
and everywhere of the same order as the strains. 

In such an ideal isotropic substance it appears that the num- 
ber of independent moduluses cannot exceed two; for a pure 
shear irrespective of its amount is the simplest conceivable dis- 
tortion and no strain can be simpler than dilation, while to as- 
sume that either strain involved more than one modulus would 
be equivalent to supposing still simplier strains, each dependent 
upon one of the units of resistance. It is undoubtedly true 
that, unless the load-strain curve is a straight line, finite strains 
involve constants of which infinitesimal strains are independent ; 
but these constants are mere coefficients and not moduluses: 
for the function being continuous must be developable by 
Taylor’s Theorem, and the first term must contain the same 
variable as the succeeding terms, this variable being the force 
measured in terms of the moduluses. In this statement it must 
be understood that the moduluses are to be determined for 
vanishing strain.* 

One can determine the general form of the variable in terms 
of the resistances or moduluses for the ideal isotropic solid 
defined above. The load effecting dilation in simple traction, 
as was shown above, is exactly one third of the total load, or 
say Q/3; and if a is the unit of resistance to linear dilation, 
Q/3a is the quantity with which the linear dilation will vary. 
The components of the shearing stresses in the direction of the 
traction are each (/3, and, if c is the unit of resistance to this 

* One’ sometimes sees the incompleteness of Hooke’s law referred to in terms 
such as “ Young’s modulus must in reality be variable.” This is a perfectly legit- 
imate statement provided that Young’s modulus is defined in accordance with it; 
but the mode of statement does not seem to me an expedient one to indicate the 
failure of linearity. Let “ represent Young’s modulus regarded as variable and 
Fa force or a stress measured in arbitrary units. Then if y is the length of a 
unit cube when extended by a force, the law of extension may be written in the 
form y= 1+ F/u. Now let Mbe the value of Young’s modulus for zero strain, 
and thereforé an absolute constant. Then, assuming the continuity of the func- 
tions, one may write “ in terms of thus, 


l 1 F ] AF BF? ; 
; (xz) ral 


But this gives 

F BF 

M 


so that 1/u merely stands for a development in terms of F/M. If therefore one 
defines Young’s modulus as the tangent of the curve for vanishing strain, the 
fact of curvature is expressed by saying that powers of the force (in terms of 
Young’s modulus) higher than the first enter into the complete expression for 
extension. ‘ 
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initial stress, the corresponding extension will vary with 2Q/3c. 
In simple extension all faces of the unit cube remain parallel 
to their original positions, and the principle of superposition is 
applicable throughout the strain. Hence the total variable 
2 

may be written Q\ 


3a + =): The intensity of Q will not 


affect the values of the constants a and ¢ which indeed should 
be determined for vanishing strain as has been pointed out. 

The quantities @ and ¢ have been intentionally denoted by 
unusual letters. In English treatises it is usual to indicate the 
modulus of cubical dilation by *% and the modulus of distor- 
tion by x. With this nomenclature a=3k and e=2n. Using 
the abbreviation M for Young’s modulus the variable then 
becomes 


Since this is the form of the variable whether @ is finite or 
intinitesimal, the length of the strained cube according to the 
postulate of continuity must be developable in terms of Q/J 
and cannot consist, for example, solely of a series of terms in 
powers of Q/9k plus a series of powers of Q/3n; in other 
words the general term of the development must be of the 
form A,,(Q/M)" and not A,,(Q/9k)”" + By (Q/3n)”. 

Form of the functions.—lt a is the ratio of shear produced 
by the traction Q in the ideal isotropic solid under discussion, 
a must be some continuous function of Q/3n. So too if A is 
the ratio of linear dilation, 4 is some continuous function of 
Q/9k. The length of the strained mass is a*A, and this must 
be a continuous function of @/M. If then f, ¢g and ¢ are 
three unknown continuous functions, one may certainly write 


e=7(2); ath=t( (1) 


It also follows from the definitions of a and A that 
1=/(0) ; 1=9(0) ; 1=/(0). (2) 


For the sake of brevity let Q/3n=» and Q/9k=x. -Then v 
and x may be considered algebraically as independent of one 
another even if an invariable relation existed between n and 
k; for since in simple traction, the faces of the isotropic cube 
maintain their initial direction, the principle of superposition 
is applicable ; and to put n= or k=oo is merely equivalent 
to considering only that part of a strain due respectively to_ 
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compressibility or to pure distortion.* Now the functions are 
related by the equation 


| p(x) = (3) 
and if » and x are alternately equated to zero 
J =4(v) and p(x) = (x). 
Hence the three functions are identical in form+ or (3) becomes 


Developing the second member by Taylor’s theorem and 


| dividing by 7 (x) gives a value for f(y), viz: 
| 
t 


Since the two variables are algebraically independent, this* 
equation must answer to McLaurin’s Theorem, which implies 
| that the expression containing x is constant, its value being 


say 6. Then 


= 


Hence since 7(0)=1 


(0) = 


and since all three functions have the same form 


* Compare Thomson and Tait Nat. Phil., section 179. 
+ This proposition is vital to the whole demonstration. Another way of ex- 
pressing it is as follows:—If the functions are continucus, 


Q Q 
ah=1 A( =) + =) 
where A, B, ete ; are constant coefficients. Then since n and k are algebraically 
independent, or since the principle of superposition is applicable, the develop- 
ment of a? is found by making h=1 andk=a. Thus 


+ 


3n 


| 


A, B, etc., retaining the same values as before. Consequently a? is the same 
function of Q/3n that a*h is of Q/M_ By equating a@ to unity and n to infinity, 
it appears that h also is of the same form as a’h. 
There is the closest connection between this method of dealing with the three 
functions and the principle, that, when an elastic mass is in equilibrium, any por- 
| tion of it may be supposed to become infinitely rigid and incompressible without 
; disturbing the equilibrium. For to suppose that in the development of a*h, k= 
is equivalent to supposing a system of external forces equilibrating the forces 
t Q/9k. _ This again is simply equivalent to assorting the applicability of the prin- 
ciple of superposition to the case of traction. 

In pure elongation, unaccompanied by lateral contraction, it is easy to see that 
h=a and that a varies as Q/6n. In this case also 6n=9k because Poisson’s 
ratio is zero. Hence without resorting to the extreme cases of infinite n or k, it 
appears that h is the same function of 9k that a is of 6n. This accords with the 
result reached in (5) without sufficing to prove that result. 
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Here 6/¥ is the tangent of the load-strain curve for vanish- 
ing strain, and this by definition is 1/J/, so that b=1. 

It appears then that the equations sought for the load- 
strain functions are 


a? = 68/3", = (5) 


a result which can also be reached from (4) without the aid of 
Taylor’s theorem. 

Tests of the equations.—These equations seem to satisfy all 
the kinematical conditions deduced on preceding pages. It is 
evident that opposite loads of equal intensity give shears, dila- 
tions and extensions of reciprocal ratios and that the products 
of the strain ratios vary with the sums of the loads. It is also 
evident that infinite forces and such only will give infinite 
strains. A very important point is that these equations repre- 
sent a shear as held in equilibrium by the same force system 
whether this elementary strain is due to positve or negative 
forces. If any other quantity (not a mere power of Q or the 
sum of such powers), such as the final stress were substituted 
for the load Q, a pure shear would be represented as due to 
different force systems in positive and negative strains which 
would be a violation of the conditions of isotropy.* One 
might suppose more than two independent moduluses to enter 
into the denominator of the exponent; but this again would 
violate the condition of isotropy by implying different resist- 
ances in different directions. Any change in the numerical 
coefficients of the moduluses would imply a different partition 
of the load between dilation and distortion, which is inadmis- 
sible. It would be consistent with isotropy to suppose the 
exponent of the form (Q/J/)'*”; but then, if ¢ exceeds zero, 
the development of the function would contain no term in the 
first power of the variable and the postulate that strains and 
loads are to be of the same order would not be fulfilled. The 
reciprocal relations of load and strain would be satisfied and 
the en would be of the same order as the strains, if one were 
to substitute a series of uneven powers of the variables for vy 
and x. Such series are for example the developments of tan »v 


* Let a shearing strain be held in equilibrium by two loads, Q/3 and minus 
Q/3. I£asecond equal shear at right angles to the first is so combined with it 
that the tensile axes coincide, the entire tensile load is 2Q/3. If on the other 
hand the two shears are combined by their contractile axes, the total pressure is 
2/3. In the first case the area of the deformed cube measured perpendicularly 
to the direction of the tension is |/a*, and if Q’ is the final stress, Q’/a* = 2Q/3 
or Q’ = 2Qa?/3. In the second case the area on which the pressure acts is a? 
and if the stress is Q", Q@" = — 2Q/3sa*. Thus Q’ = — Q’a*. Hence equal final 
stresses of opposite signs cannot produce shears of reciprocal ratios in an iso- 
tropic solid. The same conclusion is manifestly true of any quantity excepting Q 
or an uneven power of Q or the sum of such uneven powers, 
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and tan x. Ina case of this kind, however, a’A would not be a 
function of Q@/JJ=»+-~ excepting for infinitesimal strain ; 
the exponent then taking the form of a series of terms 
A,,(v" +x”) instead of A,(v +x)”. Finally it is conceivable 
that the expanded function should contain in the higher terms 
moduluses not appearing in the first variable term; but this 
would be inconsistent with continuity. In short I have been 
unable to devise any change in the functions which does not 
conflict with the postulate of isotropy as defined or with 
some kinematical condition. 

Abbreviation of proof.—In the foregoing the attempt has 
been made to take a broad view of the subject in hand lest 
some important relation might escape attention. Merely to 
reach the equations (5) only the following steps seem to be 
essential. Exactly one-third of the external initial stress in a 
simple traction is employed in dilation, and of the remainder 
one-half is employed in each of the two shears. An ideal iso- 
tropic homogeneous body is postulated as a material present- 
ing equal resistance to strain in all directions, the two 
resistances to deformation and dilation being independent of 
one another; the strains moreover are to be of the same order 
as the loads, and continuous functions of them. In such a 
mass the simplest conceivable strains, shear and dilation, can 
each involve only a single unit of resistance or modulus. The 
principle of superposition is applicable to a simple traction 
applied axially to the unit cube however great the strain. It 
follows that the length of the strained unit cube is a function 
of 

Together these propositions and assumptions give (1) and 
without further assumptions the final equations sought (5) fol- 
low as a logical consequence. 

Data from experiment.—No molecular theory of matter is 
essential to the mechanical definition of an isotropic substance. 
An isotropic homogeneous body is one a sphere of which 
behaves to external forces of given intensity and direction in 
the same way however the sphere may be turned about its 
center. There may be no real absolutely isotropic substance, 
and if there were such a material we could not ascertain the 
fact, because observations are always to some extent erroneous. 
It is substantially certain, however, that there are bodies which 
approach complete symmetry so closely that the divergence is 
insensible or uncertain. Experience therefore justifies the 
assumption of an isotropic substance as an approximation 
closely representing real matter. 

All the more recent careful experiments, such as those of 
Amagat and of Voigt, indicate that Cauchy’s hypothesis, lead- 
ing for isotropic subtances to the relation 3k = 5n, is very far 
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from being fulfilled by all substances of sensibly symmetrical 
properties. This is substantially a demonstration that the 
molecular constitution of matter is very complex,* but pro- 
vided that the mass considered is very large relatively to the 
distances between molecules this complexity does not interfere 
with the hypothesis that pure shear and simple dilation can 
each be characterized by one constant only. 

The continuity of the load-strain function both for loads of 
the same sign and from positive to negative loads is regarded 
as established by experiment for many substances; and equally 
well established is the conelusion that for small loads, load and 
strain are of the same order.t In other words Hooke’s law is 
applicable to minute strains. Perfect elastic recovery is prob- 
ably never realized, but it is generally granted that some sub- 
stances approach this ideal under certain conditions so closely 
as to warrant speculation on the subject. 

These results appear to justify the assumptions made in the 
paragraph headed “ physical hypothesis” as representing the 
most important features of numerous real substances. On the 
other hand viscosity, plasticity and ductility have been entirely 
ignored; so that the results are applicable only to a part of 
the phenomena of real matter. 

Stress-strain function.—It is perfectly easy to pass from 
the load-strain function to the stress-strain function for the 
ideal solid under discussion. The area of the extended cube is 
its volume divided by its length or h*/a*h. Hence if Q’ is the 
stress, or force per unit area, Q’h’/a°>=@Q. Therefore the 
stress-strain function is 


/™ 


an equation which though explicit in respect to stress and very 
compact is not very manageable. If one writes a’h =y and 


h/a =~, the first member of this equation becomes y/ «Here 
wand y are the codrdinates of the corner of the strained cube. 
Verbal statement of law.—lIf one writes a’h—1=f, the last 
of equations (5) gives 
df =(1+f)dQ/M 
or the increment of strain is proportional to the increment of 
load and to the length of the strained mass. This is of course 


the “compound interest law” while Hooke’s law answers to 
simple interest. 


*Compare Lord Kelvin’s construction of the system of eight molecules in a 
substance not fulfilling Poisson’s hypothesis in his Lectures on Molecular 
Dynamics. 

+ Compare B. de Saint-Venant in his edition of Navier's Legons, 1864, p. 14, 
and Lord Kelvin, Encye. Brit., 9th ed.. Art. Elasticity, Section 37. 
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Curves of absolute movement.—Let o be Poisson’s ratio 


38k—2n 
~2(8k+2n)' 
Let x,y, be the original positions of a particle in an unstrained 
bar, and let wy be their positions after the bar has been ex- 
tended by a load Y. Then w=2,h/a and y=y,a’h. It also 
follows from (5) that a’”=/*, whence it may easily be shown 
that the path of the particle is represented by the extraordin- 
arily simple equation* 
o o 
ty =2Y, (6) 
If one defines Poisson’s ratio as the ratio of lateral contrac- 
tion to axial elongation, its expression is by definition 


de yd 

and this, when integrated on the hypothesis that @ is a con- 
stant, gives (6). Thus for this ideal solid, the ratio of lateral 
contraction to linear elongation is independent of the previous 
strain. 

The equation (6) gives results which are undeniably correct 
in three special cases. For an incompressible solid o=1/2, and 
(6) becomes x*y=constant, or the volume remains unchanged. 
For a compressible solid of infinite rigidity o=—1 and (6) 
becomes «/y=constant so that only radial motion is possible. 
For linear elongation unaccompanied by lateral extension o=0, 
and (6) gives x=constant.+ 


* On Cauchy’s hypothesis c=1/4, which, introduced into this equation, implies 
that the volume of the strained cube is the square root of its length. 

+ It seems possible to arrive at the conclusion that ¢ is constant by discussion of 
these three cases Let e and —/f be small axial increments of strain due to a small 
increment of traction applied to a mass already strained to any extent. Let it 
also be supposed that the moduluses are in general functions of the codrdiuates, 
so that n and k are only limiting values for no strain. Then, by the ordinary 
analysis of a small strain (Thomson and Tait, section 682), one may at least 
write for an isotropic solid 


1 1 ) 
1 1 
+f2(x)] 9k[1 
where f(x) is supposed to disappear with the strain. These values represent each 
element of the axial extension and each element of the lateral contraction as 


wholly independent. The value of ois —f/e. Now for an incompressible sub- 
stance, as mentioned in the text, c=1/2 and the formula gives 
1 14+f;(x) 
o=.—.— <<’, so that 


Again for n = & only dilation is possible, or c=—1, while the formula gives 


\ A, 
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Argument from finite vibrations. 


Sonorous vibrations finite—In the foregoing pages the 
attempt has been made to show, that a certain definition of an 
isotropic solid in combination with purely kinematical proposi- 
tions leads to a definite functional expression for the load- 
strain curve. The definition of an isotropic solid is that usual 
except among elasticians who adhere to the rariconstant hypo- 
thesis, and it seems to be justified by experiments on extremely 
small strains. But the adoption of this definition for bodies 
under finite strain is, in a sense, exterpolation. It is therefore 
very desirable to consider the phenomena of such strains as 
cannot properly be considered infinitessimal. 

It is usual to treat the strains of tuning forks and other 
sonorous bodies as so smail that their squares may be neg- 
lected, and the constancy of pitch of a tuning fork executing 
vibrations of this amplitude has been employed by Sir George 
Stokes to extend the scope of Hooke’s law to moving systems. 
It does not appear legitimate, however, to met strongly 
excited sonorous bodies as only infinitesimally strained. Tun- 
ing forks sounding loud notes perform vibrations the ampli- 
tudes of which are sensible fractions of their length. Now it 
is certain that no elastician would undertake to give results for 
the strength of a bridge similarly strained, or in other words 
he would deny that such flexures were so small as to justify 
neglect of their squares.* 

Sonorous vibrations isochronous.—The vibrations of sono- 
rous bodies seem to be perfectly isochronons, irrespective of 
the amplitude of vibration. Were this not the case, a tuning- 
fork strongly excited would of course sound a different note 
from that which it would give when feebly excited. Neither 


1+ fa(x) 
,, wo that 
T+ faz) 
For pure elongation the lateral contraction is by definition zero, or c=0, and the 
formula is 


= SF —f s(x) = 


Hence all four functions of x are identical and o reduces to its well known con- 
stant-form.—With o as a constant. equation (6) follows from the definition of o; 
and substituting a’h=y/y, and h/a=ax/x, gives If W=6nina one 
may then write 


aneW/6u, W/M 


=1+W/M+ 


Here experiment shows that W may be regarded either as load or stress; and 
reasoning indicates that it must be considered as load if Mis determined for 
vanishing strain 

* It is scarcely necessary to point out that many of the uses to which springs 
are put, in watches for example, afford excellent evidence of the continuity of 
the load-strain function for finite distortions. 
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musicians nor physicists have detected any such variation of 
pitch which, if sensible, would render music impossible. The 
fact that the most delicate and accurate microchronometrieal 
instruments yet devised divide time by vibrations of forks, is 
an additional evidence that these are isochronous. Lord Kelvin 
has even suggested the vibrations of a spring in a vacuum as 
a standard of time almost certainly superior to the rotation of 
the earth, which is supposed to lose a few seconds in the 
course of a century.* 

It is therefore a reasonable hypothesis in the light of experi- 
ment that the load-strain function is such as to permit of iso- 
chronous vibrations; but to justify this conclusion from an 
experimental point of view, it must also be shown that Hooke’s 
law is incompatible with sensibly isochronous vibration. I 
shall therefore attempt to ascertain what load-strain function 
fulfills the condition of perfect isochronism (barring changes 
of temperature) and then to make a quantitative comparison 
between the results of the law deduced and those derived from 
Hooke’s law. 

Application of moment of momenta.—lIf the cube cireum- 
scribed about the sphere of unit radius is stretched by oppos- 
ing initial stresses and then set free, it will vibrate; and the 
plane through the center of inertia perpendicular to the direc- 
tion of the stress will remain fixed. Each half of the mass 
will execute longitudinal vibrations like those of a rod of unit 
length fixed at one end, and it is known that the cross section 
of such a rod does not affect the period of vibration, because 
each fiber parallel to the direction of the external force will 
act like an independent rod. Hence attention may be con- 
fined to the unit cube whose edges coincide with the positive 
axes of codrdinates, the origin of which is at the center of 
inertia of the entire mass. 

The principle of the moment of momenta is applicable to 
one portion of the strain which this unit cube undergoes dur- 
ing vibration. The moment of a force in the zy plane rela- 
tively to the axis of oz, being its intensity into its distance 
from this axis, is the moment of the tangential component of 
the force and is independent of the radial force component. 
Now dilation is due to radial forces and neither pure dilation 
nor any strain involving dilation can be determined by disecus- 
sion of the moments of external forces. Hence the principle 
‘of the moment of momenta applies only to the distortion of 
the unit cube. This law as applied to the zy plane conse- 
quently governs only the single shear in that plane. 

The principle of the moment of momenta for the zy plane 
may be represented by the formula : 


* Nat. Phil., sections 406 and 830. 
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d dx 
where the second member expresses the moments of the ex- 
ternal forces, which are as usual measured per unit area, and 
2,y, are the codrdinates of any point the mass of which is m. 
Reduction of equation (7).—Let # and y represent the posi- 
tion of the corner of the strained cube; then the abscissa of 
the center of inertia of the surface on which the stress Y acts 
is #/2, and since Y is uniform, = Similarly 
Sy,X = yX/2. Now wY and yX may also be regarded as 
the loads or initial stresses acting on the two surfaces of the 
mass parallel respectively to ow and oy, and in a shear these 
two loads are equal and opposite. Hence the second member 
of (7) reduces towY. It has been shown above that, if Q is 
an initial tractive load, Q/3 is the common value of the two 
equal and opposite loads producing one shear. But to obtain 
comparable results for shear dilation and extension, Y/3 must 
be measured in appropriate units of resistance. Since J/ is 
the unit of resistance appropriate to extension, the separate 
parts of the foree must be multiplied by JZ and divided by 
resistances characteristic of the elementary strains. Now 


M@,_M mM Q_ 
and it is evident that 2n/M is the unit in which Q/3 should 
be measured for the single shear.* Thus the second member 
of (7) becomes MQ/6n. 

This, then, is the value which the moment of the external 
forces assumes when these hold the strained unit cube in equi- 
librium. This unit eube forms an eighth part of the cube 
circumscribed about the sphere of unit radius. When the 
entire mass is considered, the sum of all the moments of the 
external forces is zero; since they are equal and opposite by 
pairs. If the entire mass thus strained is suddenly released 
and allowed to perform free vibrations, the sum of all the 
moments of momenta will of course remain zero. On the 
other hand the quantity 4@Q/6n will remain constant. For 
this load determines the limiting value of the strain during 
vibration and is independent of the particular phase of vibra- 
tion, or of the time counted from the instant of release. It 
may be considered as the moment of the forces which the other 
parts of the entire material system exert upon the unit cube. 


* Tn this paper changes of temperature are expressly neglected. The changes 
of temperature produced by varying stress in a body performing vibrations of 
small amplitude can be allowed for by employing ‘kinetic’ moduluses, which 
are a little greater than the ordinary ‘ static’? moduluses. Thomson and Tait, 
Nat. Phil, section 687. 
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Turning now to the first member of (7), values of a, and y, 
appropriate to the case in hand must be substituted. Each 
“ee of the unit cube during shear moves on an equilateral 

yperbola, so that if w, y, are the original codrdinates of a 
point, 7,y,=x,y,. For the corner of the cube, whose codrdi- 
nates are x and y, the path is zy=1. Now 2,/x,=«# and 
Y/Yo = y So that 

a,dy, — y,de, = — 

If ¢% is the area which the radius vector of the point a, y 
describes during strain, it is well known that 2d¢ = ady — ydz 
and, since in this case vy = 1, it is easy to see that 

= 2d Iny 

Since the quantities z and y refer to a single point, the sign 
of summation does not affect them, and the first member of 
(7) may be written 

Tiny s 

Here one may write for m, pdz,dy,, where p is the constant 
density of the body; and since the substance is uniform, sum- 
mation may be performed by double integration between the 
limits unity and zero. This reduces the sum to p/2. 

Value of a. Equation (7) thus becomes 

2 

dp’ 6n 
the second member being constant. Counting time from 
the instant of release, or from the greatest strain, and inte- 
grating 7 between the limits y = a and y= 1 gives 


MQ 
6n 


lna=- 


It is now time to’ introduce the hypothesis that the vibra- 
tions are isochronous. It is a well known result of theory 
and experiment that a rod of unit length with one end fixed, 
executing its gravest longitudinal vibrations, performs one 
complete vibration of small amplitude in a time expressed 
by 4Vp/M. In the equation stated above ¢ expresses the time 
of one-quarter of a complete vibration or the interval between 
the periods at which y=1 and y=a. Hence for a small 
vibration, ¢ as here defined is /p/M. If the vibrations are to 
be isochronous irrespective of amplitude, this must also be the 
value of ¢ in a finite vibration. Hence at once 


a = — 


the same result reached in (5). 
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This result may also be expressed geometrically. The 
quantity @/6n is simply the area swept by the radius vector of 
the point #7, =1,y,=1. This area is also the integral of 
yd from « =1/a to x =1, or the integral of wdy from y = a 
toy=1. Thus ¢ represents any one of three distinct areas. 
In terms of hyperbolic functions, a= Sin ¢ + Cos ¢ and the 
amount of shear is 2Sin ¢. 

it appears then that isochronous vibrations imply that in 
pure shear the area swept by the radius vector of the corner 
of the cube, or dna, is simply proportional to the load. The 
law proposed by Hooke implies that the length a — 1 is pro- 
portional to the same load. The law commonly accepted as 
Hooke’s makes a—1 proportional to the final stress, or (a —1)/a 
— to the load. 

alue of h.—Knowing the value of a, the value of A can 
be found without resort to the extreme case n = «0. In the 
case of pure elongation, unattended by lateral contraction, 
h=aand 9k=6n. If a, and A, are the ratios for this case, 


a1, = = th, 


If three such elongations in the direction of the three axes 
are superimposed, the volume becomes 


(a,2h,)? = 
and this represents a ease of pure dilation without distortion. 
Here however a, = h, and therefore the case of no distortion, 


irrespective of the value of n, is given by 


The values of a and / derived from the hypothesis of iso- 
chronous vibrations when combined evidently give the same 
value of a’h which was obtained from kinematical considera- 
tions and the definition of isotropy in equation (5). 

Law of elastic force.—Let s be the distance of a particle on 
the upper surface of a vibrating cube from its original position 
or 

s=ath—1 = _ |, 
Then the elastic foree per unit volume is minus Q, or 


d’s Ms’ 
When the excursions of the particle from the position of no 
strain are very small, this becomes 
d’s 
— Ms 


a familiar equation leading to simple harmonic motion. 
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Limitation of harmonic vibrations.—While the theory of 
harmonic vibrations is applicable to very small vibrations on 
any theory in which the load strain curve is represented as 
continuous and as making an angle with the axes whose tan- 
gent is finite, it appears to be inapplicable in all cases where 
the excursions are sufficient to display the curvature of the 
locus. If the attraction toward the position of no strain in 
the direction of oy is proportional to y—1, then in an isotropic 
mass there will also be an attraction in the direction of ox 
which will be proportional to |—«#. The path of the particle 
at the corner of a vibrating cube will therefore be the resultant 
of two harmonic motions whose phases necessarily differ by 
exactly by one-half of the period of vibration, however great 
and however different the amplitudes may be. This resultant 
is well known to be a straight line. Hence the theory pre- 
cludes all displacements excepting those which are so small 
that the path of the corner of the cube may properly be 
regarded as rectilinear. It seems needless to insist that such 
cannot be the case for finite strains in general. 

There is at least one elastic solid substance, vulcanized india 
rubber, which can be stretched to several times its normal 
length without taking a sensible permanent set. Now if the 
ideal elastic solid stretched to double its original length (or 
more) were allowed to vibrate, the hypothesis of simple har- 
monic vibration implies that this length would be reduced to 
zero (or less) in the opposite phase of the vibration, a manifest 
absurdity. 

Variation of pitch by Hooke’s taw.—It remains to be shown 
that if the commonly accepted law were applicable to finite 
strain, sonorous vibrations would be accompanied by changes 
of pitch which could scarcely have escaped detection by ‘musi- 
cians and physicists. Experiments have shown that the elon- 

ation of steel piano wire may be pushed to 00115 before the 
mit of elasticity is reached.* Since virtuosos not infre- 
quently break strings in playing the piano, it is not unreason- 
able to assume that a one per cent elongation is not seldom 
attained. In simple longitudinal vibration the frequency of 
vibration is expressed by 1/4 of V M/p, and if according to 
Hooke’s law, s = Q/M, where Q is the load, the number of 
vibrations, v, may be written 

vai 
4” sp 


If, on the other hand, according to the theory of this paper, 
in(1+s) = Q/M the number of vibrations, ~, may be written 


* From experiments on English steel piano wire by Mr. D. McFarlane. 
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1 Q v In(1 +8) 
u= — so that —- = / 
8 


If s = 0°01, this expression gives v/u = 400/401. 

It would appear then that on the hypothesis of Hooke, a 
note due to longitudinal vibrations of about the pitch G, 
would give a lower note when sounding fortissimo than when 
sounding pianissimo, and that the difference would be one 
vibration per second, or one in four hundred. But accord- 
ing to Weber’s experiments experienced violin players distin- 

uish musical intervals in melodic progressions no greater than 
1000/1001, while simultaneous tones can be still more sharply 
discriminated.* The value of s corresponding to v/u = 1000/ 
1001 is only 0-004, and consequently strains reaching only 
about one-third of the elastic limit of piano wire should give 
sensible variations of tone during the subsidence of vibrations 
if Hooke’s law were correct. 

Longitudinal vibrations are not so frequently employed to 
produce notes as transverse vibrations. The quantity J//p 
enters also into the expression for the frequency of transverse 
vibrations though in a more complex manner. In the case of 
rods not stretched by external tension, the ratio v/w would 
take the same form as in the last paragraph. One theory of 
the tuning-fork represents it as a bar vibrating with two nodes, 
and therefore as comparable to a rod resting on two supports. 

A pair of chronometrical tuning-forks could be adjusted to 
determine much smaller differences in the rate of vibration 
than 1000/1001; for the relative rate of the forks having been 
determined on a chronographie cylinder for a certain small 
amplitude, one fork could be more strongly excited than the 
other and a fresh comparison made. The only influences tend- 
ing to detract from the delicacy of this method of determining 
whether change of amplitude alters pitch, would seem to be 
the difficulty of sustaining a constant amplitude and the differ- 
ence of temperature in the two forks arising from the dissipa- 
tive action of viscosity. 

Conclusion.—The hypothesis that an elastic isotropic solid 
of constant temperature is such as to give absolutely isochron- 
ous vibrations leads to the conclusion /n (a’*h)= 
(/M without any apparent alternative. Comparison with the 
results of Hooke’s law shows that, if this law were applicable 
to finite vibrations, easily sensible changes of pitch would 
oecur during the subsidence of vibrations in strongly excited 
sonorous bodies.—The logarithmic law is the same deduced in 
the earlier part of the paper from the ordinary definition of 
the ideal elastic isotropic solid, based upon experiments on 


* Helmholtz, Tonempfindungen, page 491. 
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very small strains, in combination with purely kinematical 
considerations.—There can be no doubt that the law here pro- 
posed would simplify a great number of problems in the 
dynamics of the ether and of sound, as well as questions aris- 
ing in engineering and in geology, because of the simple and 
plastic nature of the logarithmic function. In the present 
state of knowledge, the premises of the argument can scarcely 
be denied; whether the deductions have been logically made 
must be decided finally by better judges than myself. 

. Washington, D. C., July, 1893. 


Art. XLIX.— On Powellite from a new Locality; by 
GeorGE A. Kornia and Lucius L. Hussarp, Michigan 
Mining School, Houghton. 


THE material for this investigation was found in the 2Ist 
level of No. 8 shaft South Hecla Copper Mine, Houghton Co., 
Michigan, in the fall of 1892. It came into the possession of 
the authors through Mr. John T. Reader of the Tamarack 
mine. 

Three small pieces were obtained, which had evidently re- 
sulted from the breaking up of a larger piece—altogether 
about 45 grams. In its present condition it appears homo- 
geneous, that is to say, there is no other mineral associated 
with it except a trace of native copper. The finder states 
that the three pieces were lying in a cavity. The specimen, 
when examined with the lens, exhibits an irregular polysyn- 
thetic structure. Some of the aggregates terminate in a more 
or less distinct pyramid. Three of the small groups were 
detached for measurement. The signals were not very dis- 
tinct, and the results, therefore, are only approximate. 

Basal edge 49° 15’; pole edge 79° 59’. 

The powder yields microscopic, positive and uniaxial images 
and the ‘tetragonal symmetry may be assumed as fairly estab- 
lished. Mellville* gives for powellite: 

111 a 111 = 49° 12; 111 ~, 101 = 80° 1’, 


Two cleavages were observed, one distinct and apparently 
parallel to 111, the other imperfect, parallel to 001. Hardness 
= 45. Spec. Gr. = 4349. The color is pale bluish green; in 
patches it is deep olive- or asparagus-green. The luster is 
vitreous and unctuous. A thin section of the mineral under 
the microscope showed high double refraction (colors of the 


* This Journal, No. 242, p. 138, Febr., 1891. 
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third to fourth order), and dichroism (a= blue, 7 = green). 
Before the blowpipe the mineral is infusible, decrepitates, and 
in the closed tube gives no volatile products. With the fluxes, 
borax and microcosmic salt, the reactions are strongly indica- 
tive of molybdenum and faintly of tungsten. The salt of 
phosphorus bead in the inner flame being emerald green for 
molybdenum and blue for tungsten, it is evident that tungsten 
cannot be directly recognized when present in small quantity 
alongside of molybdenum, except in a modification of the 
green color. One mg. of the mineral being dissolved in 50™* 
of vitrified microcosmic salt and 0°5™* of MoO, (specially puri- 
fied) in the same quantity of the salt, both treated thoroughly 
in the inner flame, exhibit very nearly the same color on cool- 
ing; it is noticed, however, that the bead containing the mine. 
ral is slightly fainter in intensity and of a slightly increased 
bluish green. Without such comparative test the examiner 
would not be aware of any difference. The fine powder dis- 
solves readily in hydrochloric and nitric acids, making slightly 
yellow solutions in which an excess of ammonium hydrate 
but a very slight flocculent precipitate (Fe(HO),, SiQ,). 
When the fine powder (0°1™*) is mixed with potassium-hydro- 
gen sulphate, moistened with a drop of water, and the paste 
kneaded on the palm of the hand, it assumes a deep blue color, 
which intensifies at first upon breathing upon the material, 
but on continued breathing the color fades away and finally 
disappears altogether. The color may be brought back by 
heating the paste on plat.-foil and by again breathing upon it. 
(The latter part of this delicate reaction for Mo seems to be 
new). If 1™¢ of the mineral be dissolved in 1° of cone. HCl 
and tin foil be added, the solution turns first green, then color- 
less and then carmine red. It is stated in all text books that 
acid molybdie solutions turn brown or brown red when treated 
with Zn or Sn. This is true for Zn but not for Sn. The 
ammoniacal solution precipitates with oxalic acid white CaC,O, 
and thus the mineral is proved to be essentially a calcium 
molybdate. The quantitative separation of the oxides of Mo 
and W is not possible by any of the published methods. The 
following two analyses were made by two independent methods. 
In (1) Mo and W were precipitated by Hg,(NO,), and 
weighed as nearly white oxides. These were then subjected 
at a yellow heat to a current of dry air until no further volatil- 
ization was noticed. A small bluish green residue was left in 
the boat. In microcosmic salt this residue gave a bead pur- 
plish gray instead of blue. With borax the reaction for Mo 
was obtained. It was found by colorimetric trials that a mix- 

ture of oxides (specially purified) 
WoO, 1°7™s 


of MoO, in S. Ph. 
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produced just such a nearly colorless bead as the above residue. 
Upon this proportion is based the percentage of WO, in 
analysis (1). 

Tae results of analysis (II) are the most satisfactory of 
several trials. The methods followed are those of H. Rose 
and v. der Pfortden—precipitation of MoS, in tartaric solution. 
It was found that the MoS, after repeated solution and pre- 
cipitation and final reduction to the metal would still leave a 
residue upon volatilization, which reacted in microcosmic salt 
like the one in (I).* The sulphides were weighed and aliquot 
portions reduced to metal in a current of dry hydrogen, and 
from these weights of the metals the figures are deduced. 


I Il. 
65°74 67°84 
WO,........... 450 1°65 
27°41 27°30 
16 
undet ‘96 
1°52 
trace 

97°65 99°43 


The percentages of WO, in (1) and ({1) may be taken as a 
maximum and minimum respectively. Possibly the mean of 
the two is near the true percentage. In order to forma normal 
tungstate and molybdate we have 

for (I) MoO, 65°74 require.... 25°56 CaO 


WO, 4°50 require.... 1°09 +0°76 
26°65 
for (II) MoO, 67°84 require.... 26°38 CaO 
WO, = 1°65 require.... 0°40 


26°78 +0°52 


Analysis (II) with its plus of 0°52, and (I) with its plus of 
0°76 of.CaO are, neither of them, up to the theoretical require- 
ment, but we do not know what role SiO, plays. The latter 
must be present as a silicate decomposable by HCl and NHO,, 
for these acids leave no residue when acting on the powder. 

It may be questioned whether Melville was justified in 
speaking of his powellite as practically pure calcium molybdate, 
it showing over 10 per cent WO,. This name would properly 
go to the intermediate combinations of calcium tungstate and 
calcium molybdate. The pure molybdate awaits discovery 
and should then be given a new name. 


*This residue was found, by calculation, to contain an amount of W that 
could not exceed 0°984 per cent WO3.—L. L. H. 
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Art. L.—On Increasing the Frequency of Electrical Oscilla- 
tions; by A. H. Parrerson and C. H. ARNOLD. 


THE experiments of Hertz showed that the sparks from a 
transformer are complex and that only certain sparks, charae- 
terized by peculiar light and noise, are capable of awakening 
resonance in neighboring circuits. In fig. 1, G represents 


A 5 a 4 


P c 


RAARA 


Fig.l 


a suitable alternetor, P the primary, S the secondary of a 
transformer, B an air gap, C a suitable condenser. Each 
impulse of the generator G causes a corresponding impulse in 
the circuit S. If the condenser C is suitably charged, at each 
impulse of the generator sparks will oscillate across the air- 
gap, B. The time of oscillation of one kind of sparks will be 
dependent upon the capacity and self induction in the cireuit 
d, a, b, c, while the time of oscillation of another species of 
sparks will depend upon the self induction A and S and the 
capacity C. In general the transformer S serves as a choking 
coil, and the time of oscillations of the spark at B can be ob- 


tained from the expression ¢ = 27»/LC, given by Lord Kelvin 
in a paper on the theory of transient currents, a paper in which, 
as it has been well said, Lord Kelvin has packed the whole 
theory of transient currents. 

It is evident, therefore, that only those sparks which occur in 
a cirenit of definite self induction and capacity can awaken 
sparks ina circuit of equal self induction and capacity. Hertz’s 
work has seemed to illustrate the laws which Lord Kelvin and 
Maxwell have deduced from theory, and the commercial uses 
of alternating dynamo machines have enabled recent experi- 
menters to show many well known phenomena on a much 
larger scale than was possible when the old form of transformer 
known as the Ruhmkorf coil was excited merely by batteries. 
There is danger, however, that in the successful attempts to 
increase the scale of representation of the remarkable efforts 
obtained by Professor Crookes the distinction between impulse 
and oscillation may become obscured. 

An impulse is a sudden throb of a current which is pro- 
duced by a change in electromotive force. A generator, for 
instance, giving 400 alternations of current per second will 
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send 400 impulses through the outside circuit. If the well 
R’ 
known relation — L <c holds in that cireuit a number of oscil- 


lations will follow wa impulse. Among recent writers Mr. 
Tesla is especially vague on this point. For instance on page 
40 of his little book of “ Experiments,” speaking of one of 
his dynamos he says, “ It is capable of giving currents of a 
frequency of about 10,000 a second.” Here and undoubtedly 
throughout the book he uses the expression frequeney of a 
current for its frequency of impulse; but in his last lecture 
he says, in regard to reducing frequency, “ This I may do by 
inserting a self induction coil in the path of the discharges or 
by augmenting the capacity of the condensers.”’* Here he 
must use frequency of the currents for frequency of oscilla- 
tion of current because the number of electric impulses per 
second given by the dynamo cannot be lowered by any arrange- 
ment of self induction and capacity, while the theory of tran- 
sient currents shows that the frequency of oscillation can be 
reduced in either of the ways suggested in the passage just 
quoted. The same writer expresses himself in a vague man- 
ner on another point—the .relation between the frequency of 
oscillation in the primary and that in the secondary of a trans- 
former. It can be shown that the frequency of oscillation in 
the primary, in general, does not affect the electrical oscilla- 
tions in the secondary —unless the circuits are in resonance. 
The body of the pilot spark as shown by photographie study 
is much greater than that of the spark due to any succeeding 
oscillation. The sparks due to the oscillations which follow 
the pilot spark decay rapidly according to the laws of transient 


tt 
currents in proportion to E™ 2t, so that all oscillations except 


the first one in the primary have little effect upon a secondary 
circuit unless the two circuits are in resonance, which in gen- 
eral is not the case in the experiments shown by Mr. Tesla. 
The number of impulses per second in a secondary coil is 
exactly the same as the number in the primary but the num- 
ber of oscillations in the secondary may be greater or less 
than those in the primary. Electrical oscillations cannot be 


‘ transformed in the same way as electric impulses. Although 


this statement is susceptible of mathematical proof, we have 
thought it desirable to study the transformation of electrical 
oscillations by the photographic method employed by Federsen, 
Lorenz, Trowbridge and others. The apparatus was that de- 
seribed by Prof. Trowbridge.+ The arrangement of our appa- 
ratus is shown in fig. 1. G was an alternating dynamo, which 
gave a current of 265 5 amperes at 400 complete alternations 
per second through the primary P of a transformer the sec- 
* The Electrical World, vol. xxi, No. 22, p. 414. + Phil. Mag., Dec., 1891. 
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ondary of which S, had a resistance of 2000 ohms and a self 
induction of 47°64 Henrys. The number of turns of S was 
23°700. A was a choking coil of 3200 ohms resistance and a 
self induction of 34°84 Henrys. b was a spark gap and Ca 
condenser formed of metallic plates 8x10 inches, which were 
immersed in castor oil at a distance of half an inch from each 
other. The capacity of the oil condenser was 6500 electro- 
statie units. Since the cireuits a, b, c,d and a,b,S A are 
two cireuits through which electrical oscillations can surge and 
since they have very different values of L and C, formula 
(1) ¢= 2z,/LC indicates that the frequency of oscillation in 
the one is quite different from that in the other. Since the 
oscillations of both circuits must vibrate between the termi- 
nals at B it would seem that the photographic image of the 
spark at B would be made up of these two sets of oscillations. 
Obtaining the value of ¢ for the cireuit a, b, c, d from eq. (1) 
we find it to be exactly equal to that obtained from a study of 
the photograph of the spark at B. There are, undoubtedly, 
oscijlations also in the circuit a, b,8, A. The large capacity 
C and the great self induction of A and S however make the 
value of ¢ in eq. 1 very large for this circuit. So large that in 
the case under consideration the oscillations are even fewer 
than the impulses of the generator in the cirenit a, b, S, A. 
Indeed it is impossible to force oscillations through a compara- 
tively small self induction without making ¢ comparatively 
large. 

Fig. 2 shows another arrangement of apparatus. A second 
transformer has been added, through the transformer of which 


Fig. 


it has attempted to force the oscillations of the spark at B. 
The spark gap was placed in a very strong magnetic field. 
The transformer was a copy of that described by Mr. Tesla.* 
The secondary 8’ of this transformer was wound in two 
parts with 260 turns in each part, the whole resistance be- 
ing 24 ohms. The wire was heavily insulated with gutta 
percha and there was no iron core. The self induction did 
not exceed 001 Henry. Owing to the self induction of P’ 
the time of oscillation in the cireuit enclosing P’, C, and B was 
large—a few thousandths of asecond. If the cireuit composed 


* Experiments with alternating currents of high frequency and high potential, 
pp. 15-17. 
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| of S’ and C’ had a product LC equal to that of the cireuit P’, C, 
B the time of oscillation in the two circuits would be the same : 
but since the products LC and L’C’ in the two currents are 
quite different—the values of ¢ are also different. The photo- 
graphic study of the sparks bore out the truth of theoretical 
deductions and showed conclusively that electrical oscillations in 
a primary current in general do not give rise to a higher number 
‘ of oscillations in asecondary circuit. Ifa higher number of oscil- 
i lations occur in a secondary circuit than exist in a primary, 
i there must be an air gap in this secondary circuit and a suit- 

able arrangement of condensers and self induction. The 
oscillations which surge across such an air gap in the secondary 


i in general have no relation to the oscillations across their gap 

b in the primary circuit unless the circuits are in resonance. 
i Our conclusion on this point is therefore this: the pilot spark 

fs of a primary circuit can give a series of impulses in a second- 


ary—an increase of electromotive may result—which can 

force a spark across an air gap in this secondary. The oscilla- 

tions however of this last mentioned spark are not determined 

in general by the oscillations of the spark in the primary, and 
are dependent upon the arrangement of self induction and 
, capacity in the secondary circuit. 

In the course of our experiments to test the question of in- 
creasing the frequency of electrical oscillations we were led to 
examine the function of the magnetic field and the air blast 
: in the transformation of electrical impulses. When the spark 
; B, figures 1 and 2, occurs in a strong magnetic field and there 
4 are no condensers in the cireuit it is instantly blown out with a 
i sharp report. With comparatively small capacity connected 
with the spark terminals a torrent of sparks leap between the 
spark terminals. Without the magnetic field these sparks fill 
a globular space between the terminals. When the magnetic 
field is made, this spherical space is transformed into a plane of 
sparks, showing in a striking manner the Amperian law of 
repulsion and attraction of currents. The amount of light 
emitted -by the passage of the sparks is also greatly increased 
by the passage of the sparks in the magnetic field; and it is 

interesting to observe the breaking away, so to speak, of the 
. sparks from the surfaces of the terminals far from the actual 
: points. The increase of light is doubtless due to the blowing 
out of the unidirectional fuzzy spark which if it is not blown 
out acts like a voltaic are and prevents the condensers from 
becoming fully charged. When the condenser surface is 
increased to the proper limit, sparks of larger body take the 
i place of the thread-like sparks, and the spreading out into a 
plane is no longer observed. Professor Boys from certain eye 
observations has concluded that a strong magnetic field has no 
effect upon the oscillations of a spark. We have tested this point 
by taking photographs of an oscillating spark both in and out 
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of a strong magnetic field and are able to substantiate his 
result; for no effect of the field was observed. The function 
of the magnetic field and the air blast therefore appears to 
reside in the blowing out of a species of voltaic are which 
would tend to prevent the full charge, and the quick discharge 
of a condenser. 

While we have dwelt in this paper principally upon the 
point of the difference between impulse and electrical oscilla- 
tion and upon the possibility of transforming one and of the 
limits of transformation of the other, we are led also to speak 
of the importance of adjusting the rate of frequency of the 
impulses of the generator to the time of charging the con- 
denser which is employed. It is evident that the rate of the 
generator should not be higher than the time taken to charge 
the condenser: for in that case the quantity of discharge would 
be less than that which might be obtained with a slower rate 
of alternation in the generator.* For spectrum analysis we 
have found that a generator giving 400 alternations per second 
gave better results with various dielectrics than an alternator 
giving 1000 alternations per second. 

Jefferson Physical Laboratory. 


Art. LI.—On the Geology and Petrography of Conanicut 
Island, R. 1.; by L. V. Presson. 


ConanicuT Island, lying in Narragansett Bay in Rhode 
Island and crossed by the meridian 71° 23’ of west longitude 
and the parallel 41° 30’ of north latitude, is about nine miles 
long in its greatest extent and nowhere much over a mile in 
breadth. As wil! be seen by reference to the map of fig. 1 it 
consists in reality of two portions, one large, the other much 
smaller, connected by a curving sand beach about an eighth of 
a mile long and nowhere much above a hundred yards in 
breadth. 

The island consists in the main of extremely fissile soft 
shales, which weathering easily have determined the topog- 
raphy and given rise to smoothly rounded slopes and low 
hills. The highest point is about 135 feet above sea level. 
These smooth and undulating surfaces afford therefore no 
exposures of the underlying rocks and it is only along the 
shores where the constant gnawing of the waves has cut 
into the soft shales, making in places rugged shore lines, that 

*Tndeed the rate of the alternator may be so rapid that a large condenser in 
the cireuit can be made to appear of small capacity. And under these condi- 
tions the condenser will not serve to annul self induction. The time of the re- 


sidual charges must also be taken into account. The charging of a condenser, 
therefore, by means of an alternator is far from a simple phenomenon. 
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the rocks can be studied. To this general character, however, 
the extreme southern end of the main portion affords a nota- 
ble exception: at this point a stock of intruded granite and 
tough hornstone rocks resulting from the metamorphism of 
the shales afford by their superior resisting properties a group 
of low, rugged and rocky hills, precipitous water fronts and 
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outlying islets, which are known under the name of the 
Dumplings. This portion of the island has become a well 
known seaside resort and the hills are dotted with summer 
villas. A map of it is shown in fig. 2. 
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Everywhere on the island occur bowlders of the glacial 
drift, among which by far the most common rock is a coarse 
conglomerate containing rounded granitic and quartzose pebbles ; 
furthermore this conglomerate is seen in the bowlders not only in 
normal condition but also at times evincing the fact that before 
removal it had suffered dynamic pressures resulting in a gneis- 
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soid condition. Masses of it from six to eight feet in diameter 

occur at times. Granite, gneiss and slates occur also as bowl- 

ders and pebbles in the drift. The island is covered with a 

fertile soil but is too narrow to give rise to any but inconsid- 

erable drainages. 
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Historical—We are indebted, so far as I have been able to 
discover, to Jackson* for the first map and geological descrip- 
tion of Conanicut. He regards the shales forming the main 
portion of the island as of Carboniferous age and the granite 
as intrusive in nature and describes very clearly and correctly 
the metamorphoses suffered by sedimentaries by the intrusion 
of an igneous rock. He also gives a few dips and strikes that 
are in the main correct. The same views were also held by 
President Hitchcock.+ It is to be noted that these observers 
correlated the granite and‘ other rocks with the granite and 
rocks on Newport Neck adjacent. They were substantially 
the views of OC. H. Hitehcockt and also of T. Sterry Hunts 
except slight variations as to the age of a portion of the sedi- 
mentary beds at Newport. Various papers have been pub- 
lished by different authors also on the Narragansett basin as a 
whole, treating the subject from various points of view. Since, 
however, in so far as Conanieut is concerned, they do not 
appear to be based on personal observation and the island is 
not directly named, they are not given here. For a list of 
them the reader is referred to a paper by T. N. Dale.| This 
latter author in 1584% gives in a paper on the geology of the 
lower part of the basin, a pretty full account of Conanicut, 
based chiefly on a series of stratigraphical studies. He correlates 
the granite with that on Newport Neck and on stratigraphical 
grounds does not regard it as intrusive but as the lowest of his 
series and a metamorphic product. He describes the lithologic 
character of the various schists, shales, ete., and gives a large 
number of dips and strikes. Since, however, Dale, on Conani- 
cut at least, mistook slaty cleavage for bedding, his conelu- 
sions, based as they are on largely mistaken stratigraphy, can- 
not be admitted. That this mistake was made, is evident, not 
alone from the given dips and strikes, but in the paper itself, 
where he several times mentions the shales as being “ striped 
across the bedding.” This striping is however the original bed- 
ding cut across by slaty cleavage; in many places on Conanicut 
the cleavage and bedding are parallel but generally not. 

Geologically the sedimentary beds of Conanicut are of Car- 
boniferous age, as is shown by their correlation with the coal- 
bearing strata of the region. Moreover on the most western 
point of the main portion at X, fig. 1, fossil plants are found of 
Carboniferous species according to Dr. A. E. Foerste. In 
general these sedimentaries are made up of an extremely 
fissile shale or phyllite, varying in color from grayish green or 

* Geol. Surv. Rhode Island, 1840, pp. 89-92. 

+ E. Hitchcock, Geol. Mass., 1841, pp. 537-552. 

¢Geol. fs. Aquidneck, Proc. Am, Ass, Adv. Sci., 1860, pp. 119, 121, 126. 
§ Proc. Bost. Soc Nat. Hist, vol. xiv, 1869. 


| Proc. Bost. Soc. Nat. Hist., vol. xxii, p. 179, 1883. 
€ This Journal, vol. xxvii, 1884, pp. 217-226, 282-291. 
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silver-gray to varieties dark chocolate to black in tone. The 
light varieties are well exposed along the eastern shore as at 
Potter’s Point where the dark varieties also occur in thin beds. 
The darker varieties occur also along the shores of Mackerel 
Cove. Frequently the two are interbedded in extremely thin 
layers but an inch or so in thickness, which cut across at an 
angle by the planes of cleavage gives a peculiar ribboned 
appearance to the outcrops, this being well shown along the 
east shore of Mackerel Cove in B 5, fig.2.. The dark shales 
sometimes contain small garnets in vast numbers and some- 
times staurolite, while the green shales do not as they are 
deficient or wholly wanting in lime as shown by the analysis 
given later. There are also at X, fig. 1, a few outcrops of a 
pudding stone or rather coarse conglomerate and also of some 
micaceous sandstones. 

When we attempt, however, to unravel the stratigraphy of 
these beds we are met by great difficulties ; as before said, there 
are no outcrops except at the shores; here however, with few 
exceptions, they are either exposures of the planes of slaty 
cleavage on which the strike of the beds may be seen but from 
which their dip cannot be determined, or of such a nature that 
neither strike nor dip ean be told. In general, so far as can be 
made out, the strike of the beds on Conanicut is north and 
south and the dip east. Along the shore from the ferry to 
Potter’s Point, the strike is nearly north and south—the di 
cannot be safely told; at Potter’s Point the strike changes with 
a short radius and runs out under the water in a northeast 
direction. At this point a large number of small faults with 
small displacements can be seen. Along the Beaver-tail por- 
tion of the island the strike is about north and south, the dip 
which varies considerably to the east. The same is true along 
the east shore of Mackerel Cove the dip varying from 10°-30° ; 
at a point nearly at the top of B 5 there is a small but excel- 
lent exposure which shows the beds bent into a half circle with 
radius of little more than a foot, the convew side to the east ; 
this must have been an overfold and gives evidence of the 
great amount of distortion the beds have suffered. At X, fig. 1, 
an excellent exposure of the rocks 
is found. <A section at this point 
from the water’s edge to the bank 
under which the rocks disappear is w [5 
given in fig. 3. The strike is 
north and south, the dip east. At 
this point along the shore the dip 
may be seen to have great varia- 
tion. The cleavage is parallel to 
the bedding and the beds have 


1 Conglomerate. 

2 Black fissile shales. 
3 Micaceous sandstone. 
4 Shales. 
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somewhat curved outcrops; they wedge out in places along 
the strike and are filled with veins and large lenticular masses 
of secondary quartz. The conglomerate of the given section 
contains quite large rounded pebbles in a fine grained cement; 
where its outcrop can be traced along the shore it is seen in 
places to have suffered severely from dynamo-metamorphic 
processes, the pebbles are flattened, the cement becomes mica- 
ceous and transitions to gneiss or mica schist occur. It is 
strikingly similar in lithologie characters to the drift bowlders 
found over the lower part of the island and wholly different 
from the conglomeratic grit next to the granite on the east 
shore of Mackerel Cove in C 4. 

The granite of Conanicut is coarse grained of a mixed 
grayish color on fresh exposures and it contains large often 

uge phenocrysts of orthoclase well distributed. These pheno- 
erysts are of great importance in determining the relations of 
the granite and the grit in C 4. Petrographically the granite 
is described later. As will be seen by reference to the map, 
fig. 2, it forms the whole of the lower portion of the main 
part of the island. Its subaqueous limits can be pretty well 
defined by the sedimentaries on the west shore of Mackerel 
Cove; to the south by Kettlebottom Rock which is an out- 
crop of shale rising some eight feet above tide. Attempts 
were made to examine this rock closely but the heavy seas 
breaking on it prevented a landing; at a distance of some fifty 
yards it could be easily seen to be of shales and it is not prob- 
able that a drift mass could remain on a ledge in such an ex- 
posed position. On the Newport shore to the S.W. the shales 
recur again and the small island to the S.E. of Bull’s Point in 
G 3 is composed as to its north part of altered sedimentaries 
and to the south of granite. 

Ewidences of intrusion.—That the granite is intrusive is 
best seen at Bull’s Point where it is directly in contact with 
the sedimentary beds here altered to a dense hornstone-like 
rock. The granite is finer grained and more porphyritic ; the 
contact -between the two rocks is solid, specimens breaking 
across both as if one rock: it has sent out apophyses in the 
shape of dikes which cut into the sedimentary beds. Further 
to the eastward in E 4 the contact is buried, but at one point 
the granite and hornstone are but a few yards apart; here the 
granite is fine grained and aplitic in character, the hornstone 
extremely dense and tough. A short distance further west- 
ward between two little hills in E 4 there occurs an outerop on 
the east side and near the bottom of the westward hill of a 
dark flinty rock, felsitic in appearance, characteristic of the 
contact facies of rapidly chilled highly siliceous magmas and 
which microscopically shows a crypto-crystalline groundmass 
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interspersed with quartz and feldspar often in micro-pegmatite 
intergrowth. This grows coarser in grain and a few yards to 
the south the granite outcrops again. 

Also in D 5 occurs an apophysis which has been thrust out 
into the sedimentaries. Its outcrops occur along and in the 
road for a distance of some fifty feet or more and recent work 
on the road has thrown out some fresh material. This is a 
fine grained light reddish rock and microscopic examination 
shows it to be a most characteristic and typical micro-pegma- 
tite. From this point farther to the westward there are no 
evidences of endomorphic contact in the granite ; it is either 
covered or the rocks have suffered so from pressure and weath- 
ering that nothing certain can be deduced. 

Exomorphie contact phenomena.—As will be seen by refer- 
ence to the map, the region of the sedimentaries which has 
been chiefly affected by the intrusion of the granite is a 
roughly triangular mass lying in great part, in D5 and E5. It 
is not however the only place where exomorphic evidences of 
contact are shown. It may be said at this place that every 
transition can be found between unaltered shales and the most 
solid of hornstones in contact with the granite, but not how- 
ever in any one place or exposure. Along the west shore of 
Mackerel Cove the shales although nearly normal are yet some- 
what affected having a strongly knotted and speckled look, de- 
scribed by Dale* as containing “ thickly disseminated minute 
nodules of siderite.” They often do indeed contain carbo-' 
nates but also at other times small nests of intertwined white 
mica leaves, secondary quartz, chlorite, ete. It would appear 
at times as if they might have been pseudomorphs of some 
former mineral and the whole phenomenon is indeed strongly 
suggestive of contact metamorphism. In C 4 in the gully cut 
by the little brook and just west of the new rvad, green shales 
or phyllites are found which are very near the normal, the 
only alteration noticeable being a slight loss of the fissile 
character together with a somewhat gnarled appearance and 
the formation of small knotted points. In the N.W. corner 
of D5 just south of Mr. Green’s barn occurs a long outcrop 
extending towards the south. At the north end the shales 
although still retaining a fissile character are very much 
gnarled and toughened and as one proceeds southward they 
pass within two or three rods into compact hornstones. From 
this exposure it may be seen that the loss of the shaly charac- 
ter and transition into hornstone occurs within a very short 
distance. 

Along the east shore in E 6 the transition is covered and the 
first outerop after leaving the shales is a dense slaty rock of a 


* Loe. cit. 
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dark color and much jointed showing macroscopically only by 
color banding its sedimentary origin. Farther to the south- 
ward the rocks become more greenish or grayish green in color 
and more coarsely crystalline. In general it may be said that 
as we approach the granite the hornstones are more crystallized, 
harder, denser and break with a splintery fracture. 

As previously noted the sedimentary beds are thin, vary in 
character and have a general N. and S. strike, consequently as 
one traverses the metamorphosed area in an E. and W. direction 
along the line of the granite there is considerable variation in 
the character and mineral constitution of the altered rocks as 
will be shown later. Another striking feature in the meta- 
morphic character of these rocks is the presence of great 
quantities of fine veins of a yellowish color which traverse 
them in all directions, and which on microscopic examination 
are found to consist chiefly of tourmaline, of all minerals in 
the contact zone perhaps one of the most characteristic of the 
fumarole action of intrusive masses. 

Grit.—Besides the conglomerate already mentioned as occur- 
ring at X and which is assumed as the lowest of the sedi- 
mentary series on the island there occurs another conglomerate 
rock or grit, exposed on the east shore of Mackerel Cove in 
close connection with the granite and evidently derived from 
it. It extends inland into C 4 as shown on the map: its out- 
lines from a lack of good exposures are rather doubtful but 
probably as given. It differs widely from the first mentioned 
conglomerate in character in that it consists of fragmental 
granitic material ; it is more of the nature of a grit consisting 
of quartz grains and fragments mixed with decayed feldspar 
material. Dale has characterized it as a “ quartz clay aggre- 
gate.” Its derivation chiefly from the granite both from its 
position and character of material seems quite clear. More- 
over it contains fragments and even entire crystals of the large 
orthovlase phenocrysts which form so striking a character of 
the granite, their crystal form, broken or somewhat rounded. 
Its derivation from the granite would make it more recent 
than the adjoining sedimentaries and this is evinced by the 
fact that it contains fragments of shales. Some of these near 
the granite are slabs several feet in length whose long exten- 
sion or strike is a little north of east and south of west, while 
they are standing nearly perpendicular, the strike of the shales 
to the north being N. and S. and thedip E. The granite 
adjoining though much weathered has evidently been strongly 
sheared and the whole appearance of this local mass of brec- 
ciated material is strongly suggestive of its being the result of 
pressure and shearing between the granite and the altered 
conglomerates, shales, ete., at this point. 
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Dikes.—The granite is cut through by aplite dikes in seve- 
ral places, an excellent example being a small one of but a few 
inches in width which cuts the exposed rock below and to the 
east of Mr. Clothier’s house on Bull’s Point, and which has 
been bent and faulted by later movements. Besides these 
which are in intimate connection with the granite there are 
two other dikes on the island, both on the Beavertail portion 
and cutting it and the strike of the beds transversely; see fig. 
1. They are not large, the one at Hull’s Cove is the larger 
and at this exposure from eight to ten feet wide. Its outcrop 
can be traced for some distance in a series of nearly buried 
bowlders. 

The second one, a little south of the point known as Lion’s 
Head is still narrower. Its western outcrop occurs on the 
south point of Austin’s Hollow. 

These dikes are of the lamprophyre rock known as minette 
or mica trap as will be shown later. They stand in close 
petrological relation to the granite and must be considered as 
of contemporaneous origin. 

They have altered the adjacent shales, the one at Hull’s Cove 
in particular having produced a rock similar in appearance to 
some of those formed in the contact zone of the granite as 
previously described 

Orographie movements.—Besides the original folding of the 
Carboniferous series the island has suffered great dynamic 
pressures subsequent to the intrusion of the igneous rocks. 
The thrust has been in a general north and south direction. 
The granite has beer, crushed and dynamo-metamorphosed in 
places ; planes of fracture extend through it generally in an 
E. and W. direction, often highly slickensided as in an excel- 
lent exposure at the gate to the grounds of Mr. J. Wharton in 
C3. The aplite dikes in it have been bent and broken. The 
minette dikes on Beavertail have also been bent and folded 
and highly pressed; in places they have become quite schis- 
tose as at thesouth point of Austin’s Hollow and the schistosity 
is perpendicular to the thrust. The sedimentaries have also 
suffered from these forces, steps in the shales running E. and 
W. being of frequent occurrence and the beds in other places 
have been fractured and bowed up as at X, the fractures and 
hollows from bending being now filled with veins and lenticu- 
lar masses of secondary quartz. 

General summary.—F rom the foregoing facts the following 
general statement may be deduced for the geology of Conani- 
cut Island. That it is in the main made up of a series of Car- 
boniferous strata thinly bedded with a conglomerate as the 
oldest member, which has been folded so that the beds have a 
general north and south strike and dip mostly to the eastward. 
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That there has been a later intrusion of granite which has 
necessarily metamorphosed the sedimentary strata and which 
has been accompanied by the injection of dikes petrologically 
related to the granite, and lastly the whole mass has suffered 
from dynamic forces acting in a general north and south diree- 
tion, the result of orographic movement and which has also 
produced by shearing a mass of local grit. 

Note.—The author desires at this point to express his thanks 
to Dr. A. E. Foerste who some years since made a brief study 
of the island and has kindly given the writer a short abstract 
of his notes made at that time. His outlining of the areas 
and of the dikes is essentially the same as that here given. 
From the presence of feldspar in the hornstones at one “point 
he is inclined to regard them as composed partly of altered 
older basic eruptives, and the grit at Mackerel Cove he prefers 
to correlate with the basal conglomerate of the basin, though 
he regards it as derived from the granite. In other respects 
the views of the writer are believed to be in agreement with 
those expressed by Dr. Foerste. 


PETROGRAPHY. 


Granite.—The Conanicut granite is a rather coarse grained 
rock, on fresh surfaces of a light reddish color due to the iron 
oxide developed in the feldspar. As remarked before it car- 
ries nearly everywhere huge phenocrysts of orthoclase, exam- 
ples 5°" by 3™ in width and thickness being a very common 
size. It is therefore, strictly speaking, a gré anite porphyry, only 
on a much larger scale of size of phenoeryst and grain o 

roundmass than usual. All of the main constituents may be 

etermined by the eye, magnetite, titanite, oligoclase, ortho- 
clase and quartz, also dark masses of chlorite which are the 
representatives of a former ferro-magnesian mineral. 

Taser the microscope are found in addition zircon, apatite, 
white mica and epidote, and it is seen that the rock even in 
the freshest examples has suffered severely from dynamic pres- 
sures; the quartzes show undulatory extinction, the feldspars 
are broken and filled with sericite. The large phenocrysts have 
also suffered in this way and the cracks are filled with secondary 
guartz and calcite. The ferro-magnesian mineral is no longer 
recognizable, its place is entirely taken by chlorite, often mixed 
with epidote. It is possible that hornblende as well as biotite 
was originally present, the epidote as an alteration product and 
the association with titanite rather favoring the idea. 

With regard to the order of crystallization of the various 
components, the rock has in pie been subjected to too 
much alteration of various kinds that obscure the structure to 
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draw safe conclusions: in regard to the large phenocrysts, 
since they contain apatite, titanite, etc., it may be said that 
they are not the first products of crystallization while their 
more or less idiomorphic outlines indicate that they are older 
than the groundmass in which they lie. It is a striking fact 
that the rock never contains any phenocrysts of quartz and in 
this is unlike most peripheral facies, dike forms, ete., of granite 
porphyry. And it is probably true that while granites with 
large feldspar phenocrysts are not uncommon they rarely or 
never contain corresponding phenocrysts of quartz as might be 
expected from analogy with effusive forms—an indication that 
they have been formed under different conditions. The 
analysis of this granite yielded the results here presented. 
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It is that of a typical granite in all respects and needs no special 
comment. The water is of course from alteration. It may 
be remarked here that in this as in the following analyses the 
water was actually weighed as such during the process of the 
analytical investigation. This analysis was made from a speci- 
men taken from an outcrop on a little hill in the N.W. corner 
of D 4, the freshest and best exposure found. From here as 
one goes southwest and south the granite becomes more and 
more dynamo-metamorphosed, and one of the most striking 
examples and best exposures of this is found ina recently 
worked outerop inside of Mr. J. Wharton’s gate in the 
middle of C 3. ere the rock has been much fractured, it is 
full of slickensides and other evidences of shearing and pres- 
sure. Under the microscope all the components are seen to 
be broken and crushed ; they lie in a mass of broken material 
which cemented together by secondary silica renders the rock 
extremely similar to a metamorphosed grit It is indeed sim- 
ilar to a grit only mechanically made. Epidote and other 
secondary minerals abound. In other places as along the shore 
of Mackerel Cove the rock exposures have suffered so much 
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in addition from weathering that it would be difficult if not 
impossible to distinguish former granite from the conglome- 
ratic grit occurring there if it were not for the large feldspar 
phenocrysts with erystailographic outlines which serve to 
differentiate it (additional to the inciuded shales in the grit). 

Aplite.—This presents the usual panidiomorphic mixture 
of orthoclase and quartz with a very little plagioclase, a little 
iron ore and the ferro-magnesian minerals almost wholly want- 
ing. It hes suffered greatly from pressure. Remains of micro- 
pegmatite structures can be detected at times. 

Micro-pegmatite which occurs as mentioned in the central 
apophysis is very typical and comparatively fresh. It does 
not appear to have suffered so much from dynamic forces as 
the foregoing rocks. 

Minette.—As before mentioned there are two dikes of this 
lamprophyre rock on the lower portion of the island as shown 
on map No. 1. The best and most unaltered exposure is found 
at Hull’s Cove. The rock here is of a dark reddish rusty 
color on exposed surfaces, stained by iron oxide. On a fresh 
break it is of a dark gray, and fine grained, in which pheno- 
erysts of biotite, at times several mm. in diameter, may be seen. 
Small fragments of the shales through which it has broken up 
may at times be found in it altered to a siliceous hornstone. 
Owing to the dynamic pressure the rock has received it breaks 
with a somewhat schistose fracture at times. The exposure of 
the second and southern dike at Lion’s Head is similar only as 
the dike is smaller it has suffered more severely from squeez- 
ing and has a more pronounced schistose structure and the 
biotite phenocrysts are more rarely seen, The other exposure 
of this dike at the south point of Austin’s Hollow shows these 
points in a still higher degree, the rock is completely schistose 
and is recognized only as a dike by its cutting across the strike 
of the shales, by its same reddish weathering color and by its 
strike being such that it must be the continuation of the Lion’s 
Head outcrop. These points of identification are confirmed 
by the microscopical examination. The outcrop of the 
northern’ dike on Austin’s Hollow was not visited by the 
writer but is given on the authority of Dr. Foerste. Under 
the microscope the freshest and best example of these rocks, 
from Hull’s Cove is seen to be composed chiefly of orthoclase 
and biotite, the latter in two generations. Apatite, zircon, 
pyrite in well formed idiomorphic crystals and pretty abundant 
in amount; plagioclase and calcite are also largely present. 
Some secondary quartz occurs. The structure where it has 
not been destroyed is panidomorphice or allotriomorphic 
granular. 
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The rock is in that first stage of alteration of a lamprophyre 
which may be called the carbonate stage ; it effervesces when 
placed in acids, but the second stage of alteration in which 
these rocks lose their carbonates and pass into masses of impure 
clay, and which may be termed the kaolin stage, was nowhere 
observed in either dike. The chemical composition is given 
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in the above analysis. The amount of CO, shows the con- 
siderable amount of carbonates present and the sulphur that 
of the pyrite. The symbol X refers to the oxides of those 
earths which after fusion with HKSO, do not dissolve in cold 
water. It is probably more or less impure with zirconia, 
titanic oxide, ete. No attempt was made to determine it.* A 
comparison of the chemical composition of this rock with that 
of minettes from other parts of the world shows a striking 
agreement with some of them as given in Roth’s Tabellen. 

The same rock in other portions of the dike exhibits the 
effects of pressure. The mica leaves are bent and curved, 
they begin to disappear and their place is taken by a cloudy 
decomposition product which shows perfectly the form and 
cleavage of the original biotite crystal. All grades of transi- 
tions may be traced from the unaltered crystals to those com- 
pletely changed. On examining this cloudy alteration product 
with the highest powers it is found to be full of minute rutile 
needles and prisms. While other effects of pressure are 
clearly visible, this is one of the most noticeable in this dike 

* Conf. Williams’ Igneous Rocks of Arkansas, Ark. Geol. Surv. Ann. Rep., 
1889, vol. ii, p. 226, who gives full literature, ete. 
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rock. The Lion’s Head dike is precisely similar, only as it has 
been more highly pressed it shows this change in a higher 
degree and this reaches its highest development in the outcrop 
on S. point of Austin’s Hollow. Here the rock is strongly 
folded in the strata and as already mentioned it has a pro- 
nounced schistosity. Also under the microscope it shows a 
schistose structure and contains considerable white miea and 
chlorite along with the broken material of the original rock, 
and were it not that all grades of transition from the nearly 
normal rock at Hull’s Cove down to these forms ean: be 
traced, it would be impossible to recognize its original compo- 
sition. 

Phyllite—It would be impossible to give here a minute 
description of all phases of the unaltered sedimentary rocks 
existing on the island. A pale greenish or grayish phyliite of 
extremely fissile character, however, is by far the most com- 
mon rock, and it was selected for analysis. Thin sections of 
it from various places showed pretty nearly the same general 
character. Between crossed nicols with a moderate power the 
slice presents a dark gray “ pepper and salt ” appearance inter- 
spersed with fine points of brighter polarizing mineral frag- 
ments. This is due to its excessively fine grain. Under very 
high powers this is resolved into a mixture of sericite, chlorite, 
occasional fragments of feldspar (orthoclase and perhaps albite), 
specks of hematite, scales of graphite and pieces of quartz. 
Occasionally very minute but idiomorphic crystals of tourmaline 
oeeur. The chlorite and mica, interwoven into a fine mesh 
and strung out along the planes of schistosity, are with the 
quartz the chief components. This is everywhere penetrated 
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by swarms and clouds of the most minute rutile crystals. 
Muscovite eccurs at times in tabular crystals which in their 
orientation bear no reference to the planes of schistosity. The 
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chemical composition of a specimen from Potter’s Point is 
given in the above analysis. Lime was carefully tested for 
but not even a trace precipitated. It seems to be a very pure 
and typical phyllite. Even in the clearest and most uniform 
examples the original bedding shows in slight changes of a 
color banding across the cleavage planes. 

Contact metamorphic rocks.—From what has already been 
said in the foregoing it is evident that no safe petrographical 
conclusions can be drawn concerning the nature of the meta- 
morphism which has been effected in the sedimentaries by the 
intrusion of the granite. For the original strata varied rapidly 
in thickness and in character; their exact stratigraphical posi- 
tion in relation to the granite can no longer be made out, they 
have suffered from dynamic forces and from weathering as 
well, each bringing its own series of changes. The original 
character therefore is strongly masked and can only at times 
be suspected. Their geological relations are indeed far better 
seen and studied in the field than with the microscope though 
the latter reveals some interesting facts. 

The first stage of alteration, where the shales assume a knot- 
ted appearance, has been sufficiently described, what follows 
relates to the harder and tougher hornstones. The dark solid 
slate-like rock occurring on the shore in a recent cutting in the 
lower part of E 6 shows an extremely fine grain consisting of 
quartz, white mica, specks of graphitic matter and iron ore 
with groups composed of masses of fine crystals that appear’ 
to be epidote and zoisite. These are strung along in a schis- 
tose structure. All through it appear places with less highly 
doubly refracting material that between crossed nicols show 
idiomorphic outlines and seem like pseudomorphs or phantom 
shapes of some former mineral that appeared in porphyritic 
crystals. 

A very common form of the hornstone rocks is one com- 
posed chiefly of quartz and chlorite together with white mica, 
iron ore, ete., in allotriomorphiec structure. This is assumed 
to be a rock which was formerly composed chiefly of quartz 
and biotite. It generally occurs pretty near the granite and 
composes largely the outcrops of E 4, lower E5 and to the west 
of the road in D 5. It occurs also in direct contact with the 
granite in F 4 on Bull’s Point. 

Another form is that which occurs in the outerop south of 
Mr. Green’s barn in D 5 and east of the road. This as _re- 
marked before begins with a rock which has not entirely lost 
its shaly character. The rock consists essentially of quartz, 
white mica, fragments of feldspar, chlorite, bits of graphite and 
iron ore being freely sprinkled through it. Sections cut from 
the rock to the south of this show in addition a development 
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of hornblende crystals in stringy forms mixed with masses of 
fine crystal particles of very low double refraction and high 
single refraction and which appear like masses of zoisite. 
Still farther southward this character of the rock together 
with the amount of hornblende increases. A somewhat similar 
form is found on Bull’s Point and in addition some triclinic 
feldspar is present. It is indeed possible, as suggested by Dr. 
Foerste, that some former basic eruptive rock was present and 
included in the metamorphism produced by the granite, 
although in this case it could have formed but a relatively 
small proportion of the triangular altered area and its charac- 
ters are now too much obscured for recognition. On the other 
hand the presence of feldspar as a result of contact meta- 
morphism is well known especially in such rocks as contain a 
considerable amount of alkalies as suggested by Harker.* 


Mineralogical- Petrographical Laboratory, 
Sheffield Scientific School, New Haven, June, 1893. 


Art. LIL—<A Larval Form of Triarthrus; by 
C. E. BEECHER. 


In the August number of this Journal, Mr. W. D. Matthew 
made the important announcement of the discovery of 
antennee and other appendages of Z>iarthrus found by Mr. W. 
S. Valiant near Rome, N. Y. The Yale Museum has received 
considerable material of a similar nature, which will doubtless 
furnish additional details of the structure of this trilobite. In 
the preliminary examination of this material, a number of 
larval specimens have been discovered, and several other points 
of interest observed, a few of which are here noticed. 

A description and illustration of the nearly complete meta- 
morphoses of Zriarthrus Becki was given by Walcott in 1879,+ 
based upon specimens from near Holland Patent, N. Y. The 
earliest stage then known in this genus consisted of indi- 
viduals having the cephalon and pygidium defined and one 
thoracic segment. With the new material, it-is now possible 
to add an earlier stage in which the thorax is undeveloped and 
the cephalon predominates, while the other parts are not 
clearly differentiated. This stage corresponds to the earliest 
yet discovered in other genera; as in Sao, Ptychoparia, and 
Acidaspis. 

The larval Zriarthrus at this period is ovate in outline, 
widest behind, where it also attains its greatest convexity. 


* Quar. Jour. Geol. Soc., Aug., 1891, vol. xlvii. 
+ Transactions of the Albany Institute, vol. x. 
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The frontal margin is marked by a convex fold of the test. 
The axis is annulated. The anterior six annulations apparently 
belong to the cephalon, the sixth one being considerably 
stronger than the others and probably representing the occip- 
ital ring. The pygidial portion is detined by a narrow shallow 
transverse furrow ; and the axis has two annulations. 

Near the lateral anterior margins are two slight 
elevations which may represent the palpebral 
lobes of the eyes, and from them extend two 
furrows curving inward to the axis and dividing 
the cephalic region into two portions. The occip- 
ital pleura are indicated by slight depressions 
extending from the occipital ring. 

The specimen illustrated in figure 1 has a Figure 1.—7ri- 


length ot ‘63"™ and a width of -46™". arthrus Becki; 
dorsal view of 


larva. x 30. 


Nearly all the specimens with appendages are 
complete, and lie with the ventral side upward. <A few iso- 
lated fragments only have been observed. Individuals of all 
ages occur, the majority being about half grown. 

So far as noticed, the other species of fossils, which are 
found strictly in the same association, are young individuals of 
Trinucleus concentricus, Schizocrania jfilosa, Leptobolus insig- 
nis, and Orthis (Dalmanella) testudinaria, ostracoda and 
graptolites of several kinds, indicating that the deposit belongs 
to the Utica slate. 


Yale Museum, New Haven, Conzr., Oct. 9th, 1893. 


Art. LUI.—TZhe Rise of the Mammalia in North America ;* 
by Henry FarrFiELD OsBorN, Columbia College, New 
York. 


[Vice-Presidential address before the American Association for the Advancement 
of Science, Section of Zodlogy, Madison, Wisc., August 17th, 1893.] 


TWENTY years ago an era opened in the mammalian pale- 
ontology of Europe and America. Partly inspired by the 
Odontographie of Riitimeyer, Kowalevsky completed and pub- 
lished in 1873 his four remarkable memoirs upon the hoofed 
mammals. He wrote these four hundred and fifty quarto 
pages in three languages not his own, in French upon Anchi- 
therium and the ancestry of the horses, in English upon the 

* Some passages in this address have been omitted as indicated by dotted lines. 


ns _ will be printed in full in the Biological Studies of Columbia College, 
art I. 
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Hyopotamidae, in German upon Gelocus, Anthracotherium 
and Hntelodon including the first attempt at an arrangement 
of a great group of mammals upon the basis of the descent 
theory. These memoirs swept aside all the dry traditional 
fossil lore of Europe; they breathed the new spirit of Darwin, 
to whom the chief one was dedicated, making principles of 
descent of more importance than new genera and species. 
Kowalevsky thus summed up the contemporary paleontology : 

“ After the splendid osteological investigations of Cuvier 
had revealed to science a glimpse of a new mammalian world 
of wonderful richness, his successors have been bent rather 
upon multiplying the diversity of this extinct creation, than 
on diligently studying the organization of the fossil forms that 
successively turned up under the zeal of amateurs and collec- 
tors. . With the exception of England (referring to Owen, 
Huxley, Feleoner, and others), where the study of fossil mam- 
malia was founded on a sound basis, and some glorious excep- 
tions on the continent (referring to Riitimeyer, Gaudry, Fraas, 
Milne-Edwards), we have very few good paleontological me- 
moirs in which the osteology of extinct mammals has been 
treated with sufticient detail and discrimination ; and things 
have come to such a pass, that we know far better the osteology 
of South American, Australian, and Asiatic genera of fossil 
mammals than of those found in Europe.” 

At the same time, between 1869 and 1873, the pioneers of 
American paleontology, Leidy, Marsh, and Cope began the 
exploration of our ancient lake basins rich in life. The first 
ten vears of their work not only revolutionized our ideas of 
mammalian descent, but brought together the data for the 
generalizations of the second dee: ide ; for Marsh’s demonstra- 
tion of the laws of brain evolution in relation to survival ; for 
Cope’s proof of ungulate derivation from types with the 
simple foot resting upon the sole, and with the conic or buno- 
dont ancestral molar tooth; and finally for Cope’s demonstra- 
tion of the tritubercular molar as the central type in all the 
mammalia. These four generalizations furnished a new work- 
ing basis for morphology and phylogeny. 

In these twenty years, thanks to energetic field work, we 
have accumulated v: ry pater for the history of the rise of 
the mammalia, enough for ten students where there is one, 
and the question arises: how shall we take best advantage of 
it, what methods shall we adopt? In this address, besides 
bringing before you the more recent achievements of explora- 
tion and research, I will try to illustrate the advances already 
made in lines of thought, observation and system in paleon- 
tology and indicate other advances which seem to me still 
desirable. In the problem of how to think and work most 
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effectively, and with most permanent results, all the sciences 
meet on common ground. 


Advances in Method. 


It is to the renown of the veteran Riitimeyer and of Kowa- 
levsky, so soon unfortunately deceased, that, while their main 
inductions suffer by American discoveries, their methods of 
thought have not been displaced. It matters little that their 
theory, that ungulate molars sprang from lophodont or crested 
forms, has been disproved ; that Kowalevsky’s tables of descent 
are full of errors; that his main generalization as to the per- 
sistence of adaptive and extinction of inadaptive foot types 
does not hold good; that the horses and Anchitherium spring 
not from Paleotherium as he supposed, but from /achynolo- 
phus and Hyracotherium, types which he carefully studied 
and yet omitted from the horse line! It is the right system of 
thought which is most essential to progress ; better in the end 
wrong results such as the above, reached by the right method, 
than right results reached hap-hazard by a vicious method. If 
a student asks me how to study paleontology, I can do no 
better than direct him to the Versuch einer natiirlichen Clas- 
sification der fossilen Hufthiere, out of date in its facts, thor- 
oughly modern in its approach to ancient nature. This work 
is a model union of the detailed study of form and funetion 
with theory and the working hypothesis. It regards the fossil 
not as a petrified skeleton, but as moving and feeding; every 
joint and facet has a meaning, each eusp a certain significance. 

tising to the philosophy of the matter, it brings the mechiani- 

cal perfection and adaptiveness of different types into relation 
with environment, the change of herbage, the introduction of 
grasses. In this competition it speculates upon the causes of 
the rise, spread and extinction of each animal group. In other 
words the fossil quadrupeds are treated biologically—so far as 
possible in the obscurity of the past. From such models and 
flom our own experience we learn to feel free to abandon 
traditions in the use of the tools of science, such as mere 
methods of description and classification, and to regard priority 
in nomenclature only. 

New discoveries continually produce new conditions: there 
is nothing more obstructive than the reverence for old ideas 
and systems which have outlived their usefulness. In obser- 
vation, an old principle was de minimis non curat lex; now, 
we cannot be too exact. Every cusp and facet has its value, 
not as a sign-post for a new species, but as suggestive of some 
function or relationship. Bird’s-eye methods of comparison, 
which, for example, find no difference between a rhinoceros 
and a lophiodon molar, are of no service now that we are 
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called upon to distinguish between so many lines of ancient 
mammals crowding in among the ancestors of existing mam- 
mals. Again, paleontology is not a science apart; it has 
always gone hand in hand with recent osteology ; it must now 
keep abreast with the embryology of the teeth and skeleton; 
with the animal mechanics of Marey, Allen, and Muybridge; 
with paleobotany, geology, and historical physical geography. 
In these points we cannot be too broad. All structures should 
be considered as to their homologies, their mechanics, which 
throw such a brilliant light upon their evolution; their rela- 
tions to the food and soil, and to other parts. This brings us 
to the animal as a whole—its tendencies, its place in the sys- 
tem of descent, its relations to its contemporaries, the causes 
of its progression or retrogression ; finally, into pure specula- 
tion. Here I am reminded of a critical saying by the late 
Professor v. Gudden, the distinguished neurologist: ‘ Ein 
Steinchen der Wahrheit hat mehr Werth als ein grosser 
Schwindelbau ;” it was in allusion to the temporary character 
of the great nerve-tract systems of Meynert and Flechsig. 
The great ‘Schwindelbau,’ literally the ‘disappearing struc- 
ture’ of paleontology, is the phyletic tree which adorns the 
end of many good as well as superticial papers; and recently, 
because of its extremely brief life, has fallen somewhat into 
disfavor. Ido not think the present reaction against these 
‘trees’ is a wise one; we must remember they are the work- 
ing hypotheses of our branch of science and serve to most 
clearly express present knowledge. 

To illustrate some of these principles of modern methods, 
let us first look at the evolution of .the teeth in the rise of the 
mammalia. The teeth and the feet are the foci of mammalian 
evolution, the only direct points of contact with food and the 
earth. Their combined use in phylogeny has increased in 
interest, because their evolution has proved to be wholly inde- 
pendent. We recall Cuvier’s famous law which Balzac said 
at the time: “ Rebuilt like Cadmus cities, from a tooth.” 

No generalization has been more thoroughly routed than 
that of a necessary law of correlation between tooth and foot 
structure. Besides the orthodox clawed carnivores and hoofed 
pachyderms of the great French anatomist, we have discovered 
hoofed carnivores such as Mesonyx, and clawed pachyderms 
such as Chalicotherium. Even the apparently lasting barriers 
of correlation, which Owen raised between the even and odd- 
toed ungulates, have broken down by Ameghino’s discovery of 
a Litoptern odd-toed horse with an even-toed type of astra- 
galus. Not only is there no correlation of type, but none in 
the rate of evolution. Hipparion, the most progressive horse 
in tooth-structure, probably owed its extinction to its conser- 
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vative preservation of its ancestral three toes. For these 
reasons the teeth and feet, owing to the frequent parallels of 
adaptation, may wholly mislead us if taken alone; while, if 
considered together, they give us a sure key; for no case of 
exact parallelism in both teeth and feet between two unrelated 
types has yet been found, or is likely to be. This, I believe, 
is the one lesson of later work which reverts to older methods; 
we should not base either classification or descent upon the 
teeth or feet alone. Every additional character diminishes the 
chances of error. 

The evolution of foot structure has now become a science 
and advances have been made in the principles of progression 
from the plantigrade, pentadactyl serial types to the unguli- 
grade, monodactyl alternating types which are of the greatest 
importance in classification and phylogeny. It is surprising 
how little attention was given to ungulate foot structure 
between the time of Cuvier and Kowalevsky. Owen’s gener- 
alization as to the Artiodactyl and Perissodactyl pes formed 
the one bright exception. Kowalevsky first directed attention 
to the importance of the more median metacarpals displacing 
or spreading to gain a stronger foothold upon the carpals as 
the lateral toes disappeared. Ryder also worked out the laws 
of reduction. The discovery of Phenacodus led Cope to the 
final generalization that the primitive ungulates were not only 
plantigrade but had some of their carpals and tarsals in vertical. 
rows like bricks clumsily set with unstruck joints—and that 
one great law of evolution towards digitigradism was to pro- 
duce diplarthry or alternating joints. As he found this alter- 
nation differed both in degree and kind in different groups, 
he revived the comprehensive “ Ungulata,” of Linnzeus and 
divided all hoofed mammals exclusively upon their foot strue- 
ture into five great orders. 

Riitimeyer and myself have shown that however successful 
and convenient this system appears, Cope’s lines of division 
ignore the fundamentally different modes of evolution of the 
fore and hind feet; an animal may be a taxeopod in front and 
a diplarth behind or vice versa. Numerous exceptions to 
Cope’s definitions are also found. The discovery of the aber- 
rant ungulate foot types of South America further invalidates 
Cope’s system and sustains the principle that to be permanent 
classification must be based upon at least two entirely diverse 
sets of characters. This does not diminish the importance of 
the primitive taxeopod plantigrade type as one great key to 
the still unsolved problems of the primary relationships of the 
Condylarthra, Hyracoidea, Amblypoda, Proboscidia, Toxo- 
dontia, Litopterna, Artiodactyla and Perissodactyla. All these 
orders still stand apart in the dim past like so many mile-posts. 
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While Cope overestimates the feet in these larger divisions, 
many writers in Europe still depend wholly upon the teeth 
and ignore the wide degrees of divergence such as are indi- 
cated in the Perissodactyla for example in functional tetra-, 
tri- and mono-dactylism. By “functional” we refer to tenden- 
cies which are not expressed in the bare digital formulas—and 
which have the same relation to the feet that the dental curve 
has to the teeth. The evolution of a monodactyl tendency is 
not the work of a century but of a geological period, a princi- 
ple which we wholly ignore when we place the monodacty] 
Anchitheres with the tridactyl Palseotheres, on the ground 
that their dental type and digital formule dre identical. 
How many toes an animal has is of far less importance than 
how these toes are being displaced and reduced. 


Lower Mesozoie Pro-Mammailia. 


With the exception of the triassic Zheriodesmus of Seelye, 
no mammal is known by its limbs or skeleton until we reach 
the basal Eocene; in studying the first steps in the rise of the 
mammialia, we are thus practically driven to the teeth and jaws 
alone. In these straits of the fossil-hunter, embryology has 
lately come famously to aid. 

Assuming their remote reptilian origin, agreeing with Baur 
and Kiikenthal that the theromorph reptiles were parallel with 
rather than ancestral to the mammals, and therefore placing 
before both groups the hypothetical Sauro-mammals in or 
below the Permian, we come to the old question which Huxley 
discussed in his famous anniversary address: “ Was there a 
succession between Monotremes, Marsupials, and Placentals, 
or a parallel development from a common pro-mammalian 
type?’ Then we look to the newer questions, “ When were 
the Edentates and Cetaceans given off ?” 

Modern tooth-science springs first from the recent demon- 
stration of Riitimeyer’s hypothesis of 1869, that the teeth of 
all the-mammals center around a single reptile-derived type. 
With a single exception, which I believe can be disposed of, 
various stages of trituberculism or a three-cusped condition 
have become the standard for the teeth, as pentadactyly has 
long been for the feet, except that this is developed within 
the mammalian stem, while our five fingers are a reptilian 
legacy. Second, it springs from the recent thorough explora- 
tion of the youngest jaws for evidences as to the primitive 
form and succession of the teeth. This also supports the 
reptile theory of tooth descent by proving, what has been in 
considerable doubt, that the Pro-mammalia had a multiple sue- 
cession of teeth like the reptiles, and that even some of the 
modern mammals retain dim traces of four series of teeth. 
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The brilliant discoveries of Kiikenthal, Leche, and Rise 
begin to show how in various ways the mammals early mod- 
ified the regular succession of all the teeth by suppression of 
parts of the multiple series ; this is the first thing to consider. 
The next is how heterodontism arose, how the conic rows ot 
teeth were specialized in different parts of the jaw for three 
or four functions ; as a certain number of teeth took up each 
function, the question arises whether this number or dental 
formula was ever the same in all the mammals, for we know 
it is very different now. After the teeth were thus divided, 
some functions became more important than others, and estab- 
lished a monopoly, causing first a marked difference in the 
relative development of the series, which we m: Ly express in a 
dental curve, resulting finally in a loss of certain teeth. In 
the meantime began the special evolution of the form of the 
back teeth, or molars. Was this alike in all mammals, was it 
tritubereular? It is surprising how many problems of early 
relationship are at stake in these simple processes. 


Primitive Diphyodountism. 


What does succession really consist in’ It now appears 
that Baume was right in denying that the first tooth is the 


mother of the second; for the teeth of the lower as well as 
the upper series, spring from the common epithelial dental: 
fold (Schmelzleiste) which dips down from the surface and 
extends the whole length of the jaw; at intervals it buds off 
the dental caps (Schmelzkeim) of the first series: after these 
are separated off, the dental fold sinks and buds off the dental caps 
of the second series, always below and inside the first ; thus the 
fold isthe mother and the caps are sisters, twins, or triplets, 
according to the number of the series. In all young mam- 
mals, including the traditional monophyodont Cetaceans and 
Edentates, and excepting only the still unexplored Monotreme 
embryos, traces of two series of teeth have been found. Both 
Leche and Rise have detected evidence that the dental fold 
sometimes buds off parts of a third series, thus explaining the 
oceasional reversion of supernumerary teeth on the inner side 
of the second series, and Leche has seen traces of budding 
preceding the first series—thus giving us vestiges of four suc- 
cessions ! 

All our perplexities as to the relations of the milk and _per- 
manent teeth, and the ingenious but mistaken hypotheses of 
Baume, Flower, Wortman, have sprung from our want of 
evidence of the regular and complete diphyodontism of the 
stem mammals. The solution in brief is that the “ milk teeth ” 
and the “ true molars” are descended from the first series, while 
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the second series is represented by the “ permanent incisors 
canines, and premolars” and rudiments of dental caps beneath 
the true molars. The mammals early began to diverge from 
this primitive diphyodontism in many ways; apparently adapt- 
ing the first and second series, respectively, to their infant ard 
mature feeding habits; losing parts or all of one series or the 
other, and in some cases pushing teeth of the second series in 
among the first ; this intercalation has been a most confusing 
factor to us. 

In the Marsupials (Kiikeuthal) almost the entire first series 
became permanent; thus from the Jurassic period to the 
present time only a solitary fourth premolar of the second 
series has pushed out its elder-sister tooth, and Rose has 
observed that an outer upper-incisor also pushes up from the 
second series ; the remainder of the second series still persist 
as rudimental dental caps beneath the first, even beneath the 
first and second molars! There are wide variations among the 
Placentals; thus in the lowest existing forms, the Insectivora, 
Leche finds that in the Shrew (Sorex) the second series is sup- 
pressed entirely, while in the Hedgehog (Hrinaceus) of the 
twelve permanent teeth in the anterior part of the jaws five 
belong to the first series and seven to the second. We thus 
meet with the paradox, that among the “ primitive ” Marsupials 
and Insectivores the regular reptilian succession was early 
interrupted, while in all the “higher” mammals the reptilian 
succession of two series was retained in the anterior part of 
the jaw. Beneath the posterior highly specialized ‘olar teeth 
of both Marsupials and Placentals, the second teeth were early 
suppressed, although in the Edentates, which also originally 
had specialized molars, there is a typical succession of seven 
teeth behind the canine. These discoveries prove that the 
whale teeth, like their paddles, have acquired a secondary 
adaptive resemblance to those of the [cthyosaurs. How did 
the single and simple teeth of the Edentates and Cetaceans 
develop? Clearly by retrogression. As Leche points out in 
the aquatic Carnivora, in which the first series are degenerat- 
ing, the single-series condition (monophyodontism) advances 
step by step with retrogressive simplification of the tooth form 
(homodontism); thus in the true seals, the eared seals and the 
walruses, as the permanent teeth become simpler, the milk 
teeth become smaller. The Edentates, so widely separated 
genetically, parallel the seals in tending to suppress the first 
series of teeth and simplify the crowns of the second series at 
the same time. We might jump to the conclusion that this 
gives us an explanation of the homodont and apparently mono- 
phyodont condition of the toothed whales, especially as it has 
been supposed they sprang from aquatic Carnivora, but in this 
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order matters were reversed, for the first series persisted and 
the second series were suppressed and persist as a rudimental 
row of tooth caps buried in the jaw. 

Each dental series has an adaptive evolution of its own, in 
Erinaceus the first series has an ancient and the second a 
modern form; in Ericulus both series are alike; in the Bats 
the first series is homodont the second is heterodont (Leche) ; 
in the Edentates the first series is ancient and heterodont the 
second is modern and homodont (Thomas, Rheinhardt); so 
among the Cetacea and Ungulata. 

What deep and ancient clefts the different laws of succes- 
sion mark between the Marsupials and these three Placental 
groups. 


Primitive Heterodontism and Formula. 


Now that all mammals are led back to a distant diphyodont 
stem, it is also true that the further we go back both in palin- 
genesis and embryogenesis, the more widespread heterodont- 
ism is—all modern homodontism proving to be secondary. 
The simple conic teeth of the porpoise, for example, bear 
a misleading resemblance to those of a reptile. Flower, 
Weber, Julin, and Kiikenthal agree that the ancestral whales 


and edentates were heterodont and had a smaller number of 
teeth than the existing forms. 

Heterodontism is then the second problem. When did the 
division of the teeth into incisors, premolars, and molars oceur, 
before or after the Monotremes, Marsupials, and Placentals 
separated? It is well settled that the canine was the first 
maxillary tooth, and developed from the most anterior bi- 
fanged premolar ; also, from the discovery of complete succes- 
sion, we must now define the first molar as the most anterior 
specialized or triconid tooth, not as the most anterior perma- 
nent tooth. It seems to me we now find strong evidence that 
the stem mammals had a uniform number of each kind of 
teeth; in other words, a uniform dental formula. The 
Monotremes are most in doubt as the existing forms point 
only to primitive heterodontism. It will be a great step for- 
ward when we learn whether or not the Multituberculates are 
Monotremes—the resemblance of their molars to those of the 
Duckbill is very superficial, for the Duckbill upper molars 
lack the intermediate row of tubercles universally seen in the 
Multitubereulates, and look to me rather like degenerate Tri- 
tuberculate teeth. Cope has recently found in the Cretaceous 
rocks a remarkable Trituberculate, which he names Zhlaeodon ; 
the jaw of this animal is neither Placental nor Marsupial ; it 
is like that of the Multituberculates—and both resemble re- 
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motely the degenerate modern Monotreme jaw. All we can 
say, therefore, is that the Multitubereulates are an archaic 
group, highly specialized even in the Trias, that they were 
probably Monotremes, and neither structurally nor functionally 
akin to the Diprotodont Marsupials (Owen) nor to the Micro- 
biotheridee (Ameghino). With a dental mechanism and a con- 
dyle exactly like that of the rodents, they show no trace of 
canines, and the mode of evolution of their peculiar molars 
was probably paralleled later in the rodents. They present 
vestiges of a primitive dental formula, like this: J3C? P4. 
M4+. Thilaeodon shows C1, P 4, 13. Thus, so far as this 
doubtful paleontological evidence goes, the Monotremes had 
a typical formula. 

Our next step is to unify the typical 5, 1, 3,4 of recent 
Marsupials with the 3, 1, 4, 3 of higher Placentals. Thomas 
has shown in his studies of recent Marsupials that they have 
probably lost one of the four typical premolars (pm. 2); this 
observation, fortunately, is partly confirmed by Rose’s finding 
an embryonic germ of this tooth. Ignoring the incisors of 
the Jurassic Marsupials, Thomas raised the number of ances- 
tral incisors to five, the highest number known among recent 
Marsupials; Rise therefore made another step towards uni- 
formity when he showed that the Marsupial 2.5 is probably a 
member of the second series of incisors, and should not be 
reckoned with the first. Now, if we suppose that the Pla- 
centals have lost one incisor, and one molar (abundant evidence 
of which is found in Otoeyon, Centetes and Homo), we derive 
as the ancestral formula of both orders: 

Incisors, 4; Canines and Premolars, 5; Molars, 4. 

The aberrant placental Cetacea point in the same direction 
as we read in the conclusion of Weber's fine memoir: “ All 
the Cetacea sprang from a stem with a heterodont, but only 
partly specialized dentition (something like that of Zeuglodon, 
3,1, p & m:7), .. . not direct from Carnivores or Ungulates, 
but from a generalized mammalian type of the Mesozoic period, 
with some affinities with the Carnivora. . . . Zeuglodon itself 
branched off extremely early from the primitive line, and the 
heterodont Squalodon (mark its formula, 3, 1, 4, 7), “ branched 
off later from the toothed whale line, after the teeth had begun 
to increase in number and before homodontism had set in.” 
It would be easier for us while speculating to take Squalodon 
and the Odontocetes directiy from the Jurassic mammalian 
formula (3, 1, 4,8). As for the multiplication of this formula, 
we have found the way, says Kiikenthal, by which numerous 
homodont teeth have arisen from a few heterodont molars, 
it is by the splitting up of the numeroue triconid molars of 
Jurassic ancestors into three. He substitutes this hypothesis 
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for the one advocated by Baume, Julin, Weber, and Winge, 
that the multiple cetacean teeth represent the intercalation or 
joint appearance of both the first and second series of teeth, 
owing to the elongation of the jaw—a view which is now dis- 
proved by Kiikenthal’s discovery of the second row beneath 
the first. Since even by Kiikenthal’s hypothesis the typical 
Mesozoic mammals could net furnish as many teeth as are 
found in some of the dolphins, a likelier explanation than his 
seems to be that as the jaws were elongated the dental fold 
was carried back and the dental caps were multiplied. 

The Edentates, like the Cetaceans, point back to hetero- 
dontism, and somewhat less clearly to a typical dental formula. 
We are here indebted to Flower, Rheinhardt, Thomas, Kiiken- 
thal, and Rése. It is their rudimental and useless first series 
which gives the evidence of heterodontism, while the second 
series has become adaptively rootless and homodont. The 
especially aberrant feature is that a double succession exists in 
the typical “true molar” region. The adult nine-banded 
Armadillo presents only eight maxillary teeth, seven of which 
are preceded by two-rooted milk teeth (Tomes) ; in the embryo 
Leche finds fifteen dental caps, of which only thirteen are 
calcified ; this number probably includes the four rudimentary 
incisors observed by Rbeinhardt. In the aberrant Oycteropus 
(Aard-Vark), with ten adult teeth, Thomas finds seven milk 
teeth behind the maxillary suture (thus taking us into the . 
molar region of the typical heterodonts). The last of these 
milk teeth is large, and two-rooted ; behind this are three large 
permanent posterior teeth, apparently belonging to the first 
series. The large lateral tooth of Bradypus is suggestive of a 
canine. From this rapidly accumulating evidence it appears 
probable that the ancestral Edentates had four incisors, a canine 
and eight or more teeth behind it, the double succession ex- 
tending well back so that the first series did not become perma- 
nent at the fifth tooth behind the canine as in the Marsupials 
and higher Placentals. If these are primitive conditions, as 
seems probable from comparison with fossil Edentates, they 
carry the divergence of the Edentates, like that of the Ceta- 
ceans, back into the Mesozoic period. Comparative anatomy 
and embryology thus point back to highly varied branches of a 
generalized placental heterodont stem in the Mesozoic, and a 
much earlier divergence than we formerly imagined. Now 
let us see what the early Mesozoic mammals point forward to. 

There are three distinct and contemporary Jurassic types, 
the Multituberculates, the Triconodonts, and the Trituber- 
culates. Are not these the representatives of the Prototheria, 
Metatheria, and Eutheria? In the archaic Multituberculates 
we have seen a monotreme type of jaw and vestiges of a 
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typical ancestral formula. The Triconodonts are a newer 
group, perhaps derived from the Dromotheriidae (incipient Tri- 
conodonts) of the Trias although these appear to be aberrant ; 

the typical forms extend from Amphilestes to Triconodont, 


Valve 


and exhibit the first stages of development of the inflected 
Marsupial jaw. The Trituberculates include the Amphi- 
theriidae and Amblotheriidae with true tuberculo-sectorial 
lower molars, like those of modern Insectivores; they alone 
exhibit the typical angular placental jaw,—no reason can be 
assigned for calling them Marsupials, excepting the traditional 
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reverence for the Marsupial stem theory. Now, it is very 
significant that the average dentition of these old but highly 
diverse forms, namely, Multituberculates, 37, 4, 6, Tricono- 
donts, 4, 1, 4, 7, Trituberculates, 4, 1, 4-5, 8, is also the denti- 
tion to which the existing mammals apparently revert. 


Thus, the tendency of late research is to show that all stem 
mammals were related in their double succession, in their 
dental formula, and in their primitive molar form. These 
features point, not to a succession, but to a unity of ancestry 
of the Monotremes, Marsupials, and Placentals. 


Divergence of the three Groups. 


The discovery of the complete double series seems to have 
removed the last straw from the theory of the Marsupial 
ancestry of the placentals, for the peculiar mode of suppres- 
sion of the second series in the Marsupials has been constant 
since the Purbeck; this difficulty is added to the structure of 
the jaw, the epipubic bones, the profoundly different mode of 
foetal nutrition. None the less, any conclusion we can draw 
now as to the primary relations of the three great groups is 
more or less of a “Schwindelbau,” and I put together the 
results of these later discoveries with a full realization of the 
temporary character of present conclusions. ; 

The Permian Sauro-Mammalia (Baur) with a multiple suc- 
cession of simple conical teeth divided into: A, Theromorpha, 
which lost the succession and in some lines acquired a hetero- 
dont dentition and triconid single-fanged molars; B, Pro- 
mammalia. 

The hypothetical lower Triassic Promammalia retained a 
double succession of the teeth; they became heterodont, with 
incipient triconid re molars; dental formula ap- 
proximating 4, 1, 4-5,8. They gave rise to three groups: 
I. The Prototheria which passed rapidly through the trituber- 
cular into the multitubercular molars in the line of Multituber- 
culates, and more slowly into trituberculy and its later stages 
in the line of Monotremes. II. The Metatheria or Marsupials 
tended to suppress the second series of teeth, except , ea 
intercalated with the first; by this and by reduction the 
formula became 5, 1, 3, 4-6; the molars passed slowly through 
the triconodont into the typical tritubercular type. III. The 
Eutheria or Placentals divided early into a number of branches, 
in which there was heterodontism, but no uniform modification 
of succession, namely: A, forms suppressing the second series 
in the molar region only, and acquiring a typical Eutherian 
dentition, 3, 1, 4, 3-4. 1. The Insectivores tended to partly 
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suppress the anterior teeth of the second series or intercalate 
them with teeth of the first series; the molars became trituber- 
cular. 2 The higher Placentals retained the succession of 
the first and second series as far back as the first molar; the 
molars entered rapidly into trituberculy and its higher stages. 
B, forms retaining the double succession in part of the molar 
region, and retaining more of the primitive dentition, 4, 1, 4, 
8. 38. The Edentates branched off from an early triconodont 
or tritubercular diphyodont stage, with numerous molars, and 
secondarily suppressed the first heterodont series, and estab- 
lished a numerous homodont second series. 4. The Cetacea 
also branched off from a diphyodont, heterodont stage, and 
secondarily established a numerous homodont first series, and 
suppressed the second series. 
[To be continued. ] 


SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND PHysIcs. 


1. On the Effect of Temperature on the Rotatory Power of 
Liquids,—It has been shown by AtcNan that in cases where a 
liquid is optically inactive because it is a mixture of two active 
substances of opposite rotatory powers, the inactivity, as a rule, 
will hold only for rays of a certain wave-length. In consequence 
the mixture will be active in one direction for rays of shorter 
wave-length and active in the opposite direction for rays of 
greater wave-length. This phenomenon is well shown, for ex- 
ample, with mixtures of levogyrate terebenthene and dextrogyrate 
camphene. Moreover, in such liquids the optical equilibrium will 
be disturbed by a change of temperature; the liquid becoming 
active in one direction when the temperature rises and in the 
other direction when the temperature falls. This phenomenon, 
also, is observed with mixtures of terebenthene and camphene. 
With red rays the rotatory power changes sign between 61° and 
73°, and with yellow rays between 13° and 33°; while with green 
rays the liquid is always dextrogyrate between 13° and 90°, the 
rotatory power increasing with the temperature. Phenomena of 
this kind were long ago observed by Biot in the case of solutions 
of tartaricacid. And the authorsuggests that the results obtained 
by Colson (C. R., cxvi, 319) are explicable on the supposition that 
the liquids used by him are mixtures of two substances of oppo- 
site optical activities, the variations in the rotatory power being 
due to the causes above mentioned.—C. R., exvi, 725; J. Chem. 
Soc., Ixiv, II, 354, August, 1893. G. F. B. 

2. On the Flume Spectra of Metais.—The ultra-violet portion 
of the flame spectra of the salts of certain metals has been photo- 
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graphed by Cocuin. For this purpose he used a spectrograph 
with quartz prisms and quartz and Iceland spar lenses, the 
gelatino-bromide film being curved so that all the lines were in 
focus. The water bands at wave-length 309 were obtained in all 
cases, but there were no lines or bands of higher refrangibility 
than this observed in any case, even when the exposure was quite 
long. In the case of the hydrogen flame the results are practically 
the same, though the spectra are somewhat more luminous. In 
these spectra, the line A413 of lithium is shown, and the double 
line A330°3 and A8330°2 of sodium, obtained in the electric are 
spectrum by Kayser and Runge. Rubidium, in addition to the 
visible line (1420, gives the two doublets at A359°1-358°7 and 
1335°1-334°8, observed by Kayser and Runge; especially if the 
hydrogen flame is employed. Czxsium gives the lines (388, 
A361°5 and A347°75, in addition to the visible blue lines A459°7- 
450; also corresponding apparently to lines seen by Kayser and 
Runge. No ultra-violet lines were observed in the spectra of 
calcium, strontium or barium, though the visible lines were pho- 
tographed. Thallium gave lines at A353 and A378 in the ultra- 
violet; thus resembling the alkali-metals.—C. &., exvi, 1055; 
J. Chem. Soc., \xiv, Tl, 402, September, 1893. G. F. B. 

3. On the Spectrum given by Nickel-carbonyl.—According to 
Liveine and Dewak, nickel-carbonyl, when mixed with hydrogen 
and burned in oxygen at a porcelain jet, exhibits a spectrum which 
consists of two parts: (1) the spectrum of the main body of the 
green flame; and (2) that of the base of the flame. The spectrum 
of the main body consists of a series of shaded bands, brightest 
in the green but extending on the red side beyond the red lithium 
line and on the violet side well into the blue. These bands have 
their sharp edges on the more refrangible side. Besides the 
bands a few visible lines appear, only one of which (5476 is a 
known line of nickel. In the ultra-violet part, however, a great 
number of nickel lines were photographed. In the spectrum of 
the base of the flame there are two principal groups of lines, one 
in the orange and red, the other in the citron and yellow. None 
of them appear to be nickel lines.— Proc. Roy. Soc., lii, 117; J. 
Chem. Soc., \xiv, I1, 404, Sept. 1893. G. F. B. 

4, On the Optical Properties of Liquid Oxygen.—By means of 
a specially constructed apparatus and WitTkowskI 
have succeeded in determining the angle of total reflection in liquid 
oxygen; and from this they have deduced the index of refraction 
of this substance. As thus found, the relative refractive index 
of liquid. oxygen appears to be 1°2232 and the absolute index 
1'2235; this latter value agreeing closely with 12236, that found 
by Liveing and Dewar. The absorptive power of a column of 
liquid oxygen one millimeter in thickness, between A577 and A570, 
i. e., in the most intense portion of the yellowish-green absorption 
band, was found to be between 84 and 89 per cent; while for 
the red absorption band between A630 and A638, the mean value 
of the absorption obtained was 88 per cent.— Chem. Centr., i, 594 ; 
J. Chem. Soc., \xiv, II, 353, August, 1893. G. F. B 
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5. On the formation of Ozone from Oxygen.—An extended 
series of experiments has been made by SHENSTONE and PRIEst 
on the production of ozone by the action of the electric discharge 
upon oxygen, attention being paid especially to the effect of greater 
or less differences of potential, of the rapidity of the discharges 
and of the construction of the ozone generator. In producing 
ozone in this way the chief points requiring attention are the fol- 
lowing: (1) the ozone generator should be cooled, which is best 
done with an apparatus of the Brodie form; (2) it should be 
made of the thinnest glass that can be drawn of the requisite size 
and uniformity; (3) its inner tube should fit fairly closely into 
the outer tube; (4) ifa product rich in ozone be required, the 
oxygen should be passed through the ozonizer very slowly, the 
potential difference should not be too high and the breaks in the 
primary current should not exceed 1000 per minute; (5) if how- 
ever the oxygen is to be charged with ozone rapidly, a higher 
potential difference may be employed, but the yield is Jess; (6) 
the best results are given by a large induction coil if the rapidity 
of its action be well managed. These experiments, the authors 
think, throw some light onthe nature of the process itself, by 
which oxygen is converted into ozone. They show that unless 
the path of the discharge be very short, the proportion of oxygen 
converted into ozone, under given conditions as to temperature 
and pressure, is for a given ozone generator practically indepen- 
dent of the potential difference employed, provided that the range 
is of moderate extent. In other words they show that the ulti- 
mate effect of the discharge is conditioned only by the tempera- 
ture and pressure at which the ozonizing is effected. Moreover, 
these experiments show that any circumstance which is likely to 
be opposed to the effective cooling of the gas (such as great fre- 
quency of discharge, or the employment of very high potential 
difference with a short path for the discharge) causes a falling off 
in the proportion of ozone formed ; whilst any circumstance which 
promotes the efficiency of the refrigerating power of the ozone 
generator (such as employing the discharges at a low rate of fre- 
quency, or using an ozone generator the tubes of which fit closely, 
together with low potential difference) raises the proportion of 
ozone considerably. The authors regard these facts as support- 
ing distinctly the view that the direct effect of the discharge is 
not to produce ozone but to resolve a greater or less proportion 
of oxygen molecules into atoms, and that the ozone is produced 
after the discharge by the recombination of these atoms; since if 
the formation of ozone depends on the recombination of the atoms 
of oxygen after the discharge, we should expect the proportion of 
ozone formed to be largely influenced first by the refrigerating 
efficiency of the generator and secondly by the temperature 
employed.—J. Chem. Soc., lxiii, 938, July, 1893. G. F. B. 

6. On Nitrocopper.—The compound called by Sasatrer and 
SENDERENS nitrocopper, is obtained by passing nitrogen tetrox- 
ide (peroxide) over finely divided metallic copper at 25-30°, this 
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copper being obtained by reducing copper oxide by means of 
hydrogen or carbon monoxide. It has the composition Cu,NO, 
whether made with pure tetroxide or with tetroxide containing 
nitrogen. Nitrocopper is permanent in dry air, but decomposes 
into copper and nitrogen tetroxide above 90°. It is violently de- 
composed by water, with the evolution of pure nitrogen dioxide 
and the formation of a solution of copper nitrite and _ nitrate. 
Hydrogen has no action in the cold but ammonium nitrate and 
free ammonia are formed when the temperature is rapidly raised 
to about 180°. Carbon monoxide likewise has no action in the 
cold but on heating nitrogen tetroxide is evolved and reduced 
copper is left. Sulphur dioxide on heating unites with the nitro- 
gen tetroxide evolved forming the well known crystalline com- 
pound, and leaving a residue of partly oxidized copper containing 
some copper sulphate. Gaseous ammonia attacks it in the cold, 
forming water vapor and white fumes of ammonium nitrite and 
nitrate, the mass becoming suddenly incandescent, forming a large 
quantity of ammonium salts and leaving a residue of copper and 
ammonio-copper oxides. In short nitrocopper behaves as if while 
the copper and the nitrogen tetroxide were intimately associated 
together, each retained its own properties.—C. &., exvi, 756; J. 
Chem. Soc., |xiv, I, 374, August, 1893. G F. B. 

7. A Dictionary of Applied Chemistry ; by T. E. Tuorpr, 
assisted by eminent contributors. Vol..IIL, 1058 pp., 8vo. Lon- 
don, 1893 (Longmans, Green & Co.).—This substantial volume of 
upwards of 1000 pages marks the completion of a work of no 
small magnitude, the successful accomplishment of which is a 
matter for congratulation, not only for the editor-in-chief and his 
associates but also for the chemical public as well. The general 
scope of the work and its relations to the original edition of 
Watts’ Dictionary of Chemistry were explained in a notice in 
this Journal (vol. xxxix, 519, also xxxviii, 409) of volumes I and 
II. The third volume now issued contains more than two-thirds 
the amount of matter in the other volumes taken together. It 
is hardly necessary to state that the same high standard of excel- 
lence is maintained in the many interesting and well digested 
articles. Some of the subjects treated in greatest detail are the 
following : Petroleum, by Boverton Redwood; photography, by 
J. M. Thomson; soap, sulphur, sulphuric acid, by C. R. Alder 
Wright; spectrum analysis by W. N. Hartley; starch, by John 
Heron; water, by P. F. Frankland; the articles upon the metals 
and metallic salts are also to be noted. The value of the articles 
is increased by liberal illustrations and by the references to the 
general literature often given at the end. 

8. Connection between ether and matter.—Since Fresnel’s time 
the question has been debated whether (1) the earth carries with 
it the ether in its immediate neighborhood, thus causing a dis- 
turbance, or (2) rushes through it, and it through the earth, each 
being independent and moving independently. Dr. Lover has 
endeavored to discover whether a rapidly revolving steel disc 
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(like a circular saw) exercises any drag upon the ether in its 
immediate neighborhood. He uses two such dises of tough steel, 
above a yard in diameter, rotating in parallel planes an inch 
apart. Running the discs at 3000 revolutions per minute he can 
discover no effect which can be attributed to any drag of the 
ether. He has also replaced the discs by an oblate spheroid of 
wrought iron with a deep channel or groove cut in it and wound 
with wire ; but the rotation of this transversely magnetized mass 
(weighing about a ton) does not set the ether in motion.—Wature, 
Sept. 28, 1893. a. 
9. Chrono-photographic study of locomotion —M. Marry con- 
tinues his work upon this subject. Reptiles are placed in a circu- 
lar canal where they can run on indefinitely, the chrono-photo- 
graphic apparatus being placed above the canal. Fishes are 
made to swim in a similar canal which is illuminated from above, 
so that they appear dark on a light ground. An eel and an 
adder progress in the water in the same manner. A wave of 
lateral inflexion runs incessantly from the head to the tail, and 
the speed of background propagation of this wave is only slightly 
superior to the velocity of translation of the animal itself. In 
fishes, provided with fins, and in reptiles possessing feet, there re- 
mains in general a more or less pronounced trace of the undu- 
latory motion of reptation.— Comptes Rendus, Aug. 28; Nature, 
Sept. 7, 1893. J. T. 
10. Electrical oscillations of very small wave-lengths.—RiGcui 
continues the description of experiments he has conducted on this 
subject (Nature, June 22, 1893). The oscillator consists of two 
small metal spheres surrounded with oil and held by two rods of 
ebonite. These spheres are placed between the discharging rods 
of a large Holtz machine. With spheres 4° in diameter the 
wave-length of the radiation obtained was 20°, while with 
spheres of 1°3°" diameter the wave-length was about 7°. The 
resonator was of a novel form and was made from a rectangular 
piece of silvered glass of such a size that its breadth was equal 
to the length of the resonator required. The varnish was then 
dissolved off the back of the silver and a line drawn through the 
silver by means of a diamond, so as to divide the strip of silver 
into two equal parts, and form a spark gap. By this means a 
spark gap of one and two thousandths of a millimeter was ob- 
tained. For radiations of 75°" wave-length, the resonator was 
made of a strip of silver 3°9°" long and 0°2°" in breadth. With 
these small wave-lengths the sparks ceased to be visible when the 
distance between the oscillator and the resonator was a meter, but 
were visible at a distance of six meters from the oscillator when 
a parabolic metallic reflector was placed behind the resonator. 
The author has succeeded in producing interference by Fresnel’s 
method of inclined mirrors. It was found that ebonite, paraffin 
and rock salt are perfectly transparent. A plate of mica 1°7™™ 
thick absorbs 10 per cent of the electric radiation, while a plate 
of ordinary glass 8™™ thick absorbs 37 per cent and a piece of 
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quartz cut normally to the axis 8™™ thick absorbs 40 per cent.— 
Trans. Acad. de Lincei ; Nature, July 27, 1893. J.T. 

11. Zheory of electrical waves in wires.—A. Etsas in a mathe- 
matical paper shows that the phenomena observed by Hertz can 
be explained on the old theories of the movement of electricity, 
developed by Kirchhoff, ‘‘ Ueber die Bewegung der Electricitiit in 
Drihten ” and also by Helmholtz. Maxwell’s theory of electro- 
magnetic action is therefore not necessary to explain the Hertz 
effects. Maxwell’s theory, however, still remains of value and its 
truth is not gainsaid by the author.—Ann. der Physik und 
Chemie, No. 7, 1893, pp. 487-508. 

12. Polarization of ultra red rays by means of metallic gratings. 
—H. E. J. G. pu Bors and H. Rusens have examined this sub- 
ject by means of a bolometer which was inserted in the telescope 
of a suitable spectrometer. The amount of energy transmitted 
was measured in the two cases when the rays were polarized at 
right angles and also parallel to the gratings. The authors find 
a fruitful analogy between the polarization of the heat rays and 
the polarization of the electrical rays examined by Hertz. 

13. Interference of electrical waves in air.—This has been shown 
by Kiemencic and Czermak in the following manner. A Hertz 
exciter was placed at the focus of a parabolic mirror and a resona- 
tor at the focus of a similar mirror. At the intersection of the 
axial lines of the mirrors could be slid two parallel plates of glass 
covered with tin foil. The apparatus, thus, was closely analogous 
to Fresnel’s apparatus for showing by means of reflection from 
glass mirrors the interference of light waves. The mirrors hav- 
ing been placed side by side with the exciter at the focus of one 
and the resonator at the focus of the other, the two plates of 
glass covered with tin foil were moved parallel to each other 
along the intersection of the axes of the parabolic mirrors, until 
the proper difference of path of the waves necessary to produce 
interference was obtained. To detect resonance—a thermo-element 
connected with a suitable galvanometer was used. The results 
showed an interference phenomenon; but it was of a somewhat 
confused nature.—Ann. der Physik und Chemie, No. 9, 1893, pp. 
174-188. J. T. 
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1. Towa Geological Survey, Vol. I. First Annual Report for 
1892, 8vo, 472 pp., 10 plates and 26 figures. SamurEL CaLvin 
State Geologist. Des Moines, 1893.—In addition to brief admin- 
istrative reports, the first annual report of the Iowa Survey con- 
tains the following papers: Geological Formations of Iowa, 
Charles Rollin Keyes; Annotated Catalogue of Minerals, and 
Bibliography of Iowa Geology by same author; Cretaceous De- 
posits of Woodbury and Plymouth Counties, Samuel Calvin ; 
Ancient Lava Flows in the Strata of Iowa, Samuel Beyer; Dis- 
tribution and Relations of the St. Louis Limestone in Mahaska 
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County, Harry Foster Baine; Some Niagara Lime-Burning 
Dolomites and Dolomitic Building Stones of Iowa, Gilbert L. 
Houser. 

In discussing the classification of the geological formations of 
Iowa, Mr. Keyes has availed himself of the results of his own 
studies and those of others in recent years, and offers a classifica- 
tion that is a marked advance on those preceding it. With 
respect to Iowa’s geological puzzle, the Sioux quartzite, some 
additional facts are noted which are presented in greater detail, 
however, in Mr. Beyer’s paper. These relate to the discovery in 
a deep well at Hull, Iowa, of typical quartz-porphyry, an erup- 
tive rock, in layers separated by beds of sand and pebbles pre- 
sumably belonging to the Sioux quartzite. Reference is also made 
to the observations of Culver and. Hobbs, showing the presence 
of intrusive sheets of eruptive rock within the quartzite in south- 
eastern Dakota. The most probable explanation of the presence 
of the eruptive rock advanced by Mr. Beyer is that the sheets 
were intrusive lava flows from a post-carboniferous voleano, 
Considering the metamorphosing effect of eruptive rock it is to 
be questioned whether these rocks are as old as usually consid- 
ered and Hayden’s conclusion that they were Cretaceous is in- 
vested with new interest. We note the absence of such familiar 
names as Lower Magnesian, Potsdam, and Hamilton. The first 
is replaced by McGee’s Oneota, the second by Winchell’s St. 
Croix, while the attempt to correlate the Iowa Devonian with the 
New York section is wisely abandoned, and instead we have four 
sub-divisions, named from the place of their best development, 
the Independence Shales, the Cedar Valley Limestone, the Mont- 
pelier Sandstone, and the Lime Creek Shales. In defining the 
St. Louis group, on page 72, an error occurs in stating that the 
brecciated limestone is the basal member. Ten to twenty feet of 
magnesian limestone lie below this along the Des Moines river. 
The interesting and valuable discussion is given of the structure 
of the coal measures. 

In Prof. Calvin’s paper the Cretaceous deposits are showy to 
belong to the upper division and have a three-fold division cor- 
responding to Meek and Hayden’s Niobrara, Ft. Benton and 
Dakota.. Much taste and care is shown in the make-up of the 
volume and the illustrations are exceptionally good. Acknowl- 
edgment should have been made to the Missouri Survey for 
the photograph for plate IX, as it was obtained by the writer 
while a member of that survey. C. H. G. 

2. Note upon some observations on the auriferous Gravel of 
lacustral origin in the region of Taylorsville, California ; by 
J. S. Ditter (from a letter to the editors, dated Aug. 28).— 
Recent observations show that to the southward the limit of the 
exposed area of lacustral gravels is the old shore line which has 
been much obscured by subsequent erosion; to the northward the 
gravels pass beneath the newer lavas of the Lassen Peak region 
and may extend farin that direction. Within, the area is chiefly oc- 
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cupied by smooth, round gravel. Where the gravel does not appear 
it has either been removed by erosion or is covered by later lavas 
or else was not originally deposited, as in the case of the islands. 
The gravel as now exposed, ranges in thickness from a few feet to 
over 400 feet. The pebbles of the older portion are of the aurifer- 
ous slate series including old eruptive rocks, but the upper portion 
in many places especially along the beaches about the islands is 
composed largely of andesites and other later eruptives. Three 
islands of lava, chiefly volcanic breccia, have been noted ; these 
are surrounded by beaches which in some cases are very well 
marked and not to be misunderstood. It is possible and even 
probable that the older gravels extend beneath the volcanic 
islands for the older gravels and the breccia are like those of the 
gravel channels farther south. At one point a dike is found in 
the gravels of which a large mass has been cemented so as to 
form conglomerate. In the Susanville region the gravels run 
beneath the Lahontan beds so they are of greater antiquity. 

Originally the range in altitude of the gravels could not have 
exceeded a few hundred feet, but now they range from 4200 ft. on 
Gold Run to 7400 on the crest east of Diamond Peak a difference 
of 3200 feet. This difference as I have previously maintained 
(8th Annual Report) is due to displacement along the eastern 
escarpment of the Sierra Nevada. From the lower part of Gold 
Run near Susanville the smooth treeless gravel ridges and beaches 
on the crest of the range 3200 feet above, near Diamond Peak, are 
conspicuous. In the valley of Gold Run it is easy to distinguish 
between the gravel of that stream and the original lacustral 
deposits and the latter can be traced continuously from Diamond 
peak or mountain to near Susanville. The fault along Honey Lake 
runs out in an arch along Gold Run, and the Sierra Nevada ends 
to be succeeded by the volcanic cones of the Lassen Peak region. 

I have already referred to the conglomerate cut by eruptives. 
It is at the head of Cheney Creek where the “conglomerate 
gravels” are bent down over the eastern slope. Gold Run fol- 
lows close to the contact between the conglomerate and underly- 
ing diorite (or granite) ; the principal rock of that portion of the 
Sierra Nevada. That the conglomerate is only cemented aurifer- 
ous gravel is shown by the fact that it grades into the gravel 
away from the particular eruptive which penetrates the mass. 
The pebbles and all features excepting degree of lithifaction are 
the same. The plants in both are essentially of the same age and 
in some cases identical species as determined by Ward and Les- 
quereux. The feature to which I wish in this connection to call 
attention is that where the fault runs into the arch and the con- 
glomerate is bent over the eastern slope the pebbles are in many 
cases fractured and faulted. The argument in favor of displace- 
oar since the auriferous gravel period appears strong and con- 
clusive. 

3. A Subtropical Miocene fauna in Arctie Siberia. —Dr. W. 
H. Datu, of the Smithsonian Institution, has given an interest- 
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ing account (Proc. U.S. Nat. Mus., vol. xvi, pp. 471-478) of a 
small collection of Miocene fossils collected in 1855 by Dr. Wil- 
liam Stimpson, on the shore of Penjinsk Bay, in the northeastern 
angle of Okhotsk Sea, at a small coaling station called by the 
whalers Coal Bay. The fossils were deposited in the Smithsonian 
and have only recently been described. The position assigned to 
Coal Bay on the map of the Hancock’s expedition is latitude 60° 
17’ north, and longitude 161° 55’ east, of Greenwich. The fauna 
described was a littoral fauna and presents analogy with those of 
the China and South Japan seas, and aiso indicates a bond of 
relationship with the west coast of Africa. 

The present mean annual temperature of Okhotsk is 23°1°, and 
the temperature of the sea water does not rise above 40° F. ex- 
cept in the harbor during the warmest part of the summer, and 
for two-thirds of the year it is at or below the freezing point. 
The annual mean temperature of the Gulf of Penjinsk indicated 
by the fossils, which are of Miocene age, as interpreted by F. B. 
Meek and also confirmed by Dr. Dall, “can not have been much 
less than 60° F. and was probably higher, that is to say since this 
fossil fauna flourished in these waters, the annual mean tempera- 
ture has diminished by 30° to 40° F., at the most moderate cal- 
culation.” Which fact the author concludes would be quite suf- 
ficient to prove that no polar conditions in the modern sense could 
have existed in eastern Siberia during the old Miocene epoch of 
geological time. H. 8, W. 

4. On the Glaciation of Asia.—In a paper before the recent 
meeting of the British Association, Prince Kropotkin summed 
up his knowledge on the general glaciation of Asia as follows: 
The Lowlands and Steppes, under 2000 feet in height, do not ap- 
pear to have been glaciated; but all the mountain ridges rising 
over the Steppes, the great border ridges of Tian Shan and the 
Alpine tracts fringing the plateau, were covered with immense 
glaciers which descended to within 1000 feet of sea-level. The 
Viteni Plateau, the N. W. Mongolia Plateau, the Pamirs, and 
the great Khingim were extensively glaciated. The southern 
portion of the High Plateau, however, yield only indirect and not 
conclusive evidence of glaciation.— Nature, Sept. 28, 1893. 

5. Two new localities for Turquoise ; by W. E. Htppen (com- 
municated).—The prehistoric group of turquoise mines in the 
Burro Mts.,* of Grant County, New Mexico, which were first 
noticed publicly by Mr. Snow,t were visited by the writer in 
March of last year and the adjoining territory was looked into 
for other possible occurrences of turquoise. About fifteen miles 
southeast, some prospecting has been done for turquoise with some 
success ; the locality is known as the Cow-Springs District, The 
matrix there is trachyte as in the Burros. In the same county 


* Now known as the Azure Mining Co. and at present being worked. They 
have produced as much as ten kilos. of fine turquoise in one month; mostly nodu- 
lar and coverec with a very peculiar “skin” or coating of silica (?). 

¢ This Journal, xli, 511, 1891. 
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and sixty miles in a southerly direction, turquoise has been found 
in many places, notably in and around Hachita. All the locali- 
ties are prehistoric workings and similar in the method of occur- 
rence to those in the Burros. The nearest railroad station is 
Separ, 22 miles north. All the surrounding region is very arid 
and desolate. The writer had eight weeks work done there last 
year and finally abandoned the region because of the scarcity of 
the blue shades of turquoise and the natural regional disadvan- 
tages (i. e., scarcity of water, etc.). 

What I particularly wish to announce is the occurrence of tur- 
quoise, of fine color and quality,in a most unexpected locality, 
i. e., in the Jarilla Mts. of Dofia Ana Co., some one hundred and 
fifty miles east of the Burros and two hundred miles south of the 
Los Cerillos region. Here again the discovery was due to the 
investigation of old-workings and the turquoise had passed as 
merely “ copper-stain.” The ancient pottery and stone imple- 
ments which the writer caused to be unearthed there, proved the 
true character of the work and that the places had been aban- 
doned for several hundred years. In the Jarillas, more than at 
Hachita, the aridity and isolation of the place becomes a very 
serious matter, since one must carry everything essential when 
visiting the mines. The nearest railroad station is Las Cruces, 
fifty miles west and El Paso, Tex., is about the same distance 
south (in an air line). The Jarillas are a low range of mountains 
about ten miles long and three miles wide (E. and W.) and rise up 
out of a wilderness of sand. They are uninhabited, except by a 
few wild animals, have no forest growths and no known springs 
of water. The well-watered and well-timbered “Sacramentos ” 
are only 35 miles east, and it is but a day’s journey from the deso- 
late Jarillas to the habitable landy eastward or westward. The 
vegetation is scarce and mainly cacti and palmias. In spite of 
the isolation and the absence of water, a permanent mining camp* 
has been established there and turquoise is being mined regularly. 
There are at least ten places where some tribe of people have 
worked for turquoise in past times, but all their work was very 
shallow and stopped whenever hard firm rock was encountered. 
Here the turquoise occurs in thin seams, cracks and crevices 
which have a nearly vertical position. 

The trachyte is filled with long fissure-like cavities which are 
lined with minute crystals of quartz, upon which are implanted 
fine crystals of pyrite. Some cracks of the rock are filled with 
granular jarosite and gypsum coats some of the seams. A shaft 
seventy feet deep has been sunk on a contact with the porphyry 
and turquoise has been found all the way down. The associated 
minerals are limonite and kaolin at surface and at the bottom 
bright pyrite, chalcopyrite (rarely), gypsum, jarosite and kaolin. 


* Now known as the “Shoo-ar-mé Mine of the Jarillas.” 

+In one instance and at a distance of only 50 ft. from where turquoise was 
being mined, a vein of rich copper sulphide was found. and as a rare association 
some clear colorless crystals of wulfenite were observed that were hemimorphic 
and also pyramidally hemihedral. 
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No apatite could be seen in the trachyte and the writer suggests 
that the phosphoric acid may have been derived from the adja- 
cent limestone which is fossiliferous and which may have capped 
this trachyte at no very distant day. 

As the turquoise is found in its natural position, it gives strong 
evidence that the oxidation of the pyrite is the sole cause of the 
decomposition of the trachyte, etc., the cause also of the forma- 
tion of the limonite, gypsum and jarosite and is itself a product 
formed subsequent to ) the kaolin. The kaolin is in one sense pri- 
mary and the turquoise secondary, as its form and situation in the 
vein, crevice or pocket always proved. That all the turquoise was 
once kaolin was very evident. That the turquoise was the last 
mineral formed and was crystallized or grew amid the kaolin and 
was a gradual and direct alteration of it was positively shown in 
many ways. The majority of the turquoise masses are semi-globu- 
lar or reniform in outline though compact masses are found 
wholly occupying small cavities and following exteriorly all the 
configuration of the “ pockets.” At one time I uncovered a sur- 
face of turquoise nodules nearly three feet square—some of it 
three-fourths of an inch thick—and the edges of the masses and 
nodules always terminated thickly and abruptly in the kaolin 
with a rounded minute botryoidal surface. While the tendency 
is towards blue in the Jarilla turquoise—more so than at any of 
the other places herein noted—there also occurs (rarely) in the 
surface veins, some very green varieties, some as green as chryso- 
lyte rock. Any tendency towards green is an evidence of altera- 
tion. 

Abundant as the turquoise is near the surface, it too, undergoes 
decomposition and sooner or later becomes white, soft and pulver- 
ulent. At depths below twenty-five feet the turquoise when first 
found is of a magnificent, almost ethereal, tint of blue, but this 
rapidly fades after it is detached from its matrix and becomes 
dry. I have seen it as deep blue as indigo and then fade gradu- 
ally to a “ robin’s egg” shade. If after drying, turquoise adheres 
to the tongue it can be classed at once as of low grade and pos- 
sessing little value. Where the rock is purest there the turquoise 
is found of best color, normal hardness and greatest durability. 
As the other “ old workings” in the Jarillas become developed, it is 
thought that they will disclose turquoise as hard, as beautiful and 
as large, as the world has as yet seen. I state this advisedly from 
the fact that some fifty kilos of marketable turquoise was shipped 
from this locality in the first six months working and only one of 
the prehistoric mines was developed. 

The Mexicans believe that both the “old Pueblos ” and Aztecs 
worked these mines and it is true to-day that the Pueblos value 
turquoise—which they term “shoo-ar-mé ”—even more than the 
Navajoes. The Apachés call it “steh” and care little for it. The 
Mexican name for it is “ char-chu-d-tey,” which calls to mind the 
Aztec “ chal-chi-hui-tl,” of many authors. 
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III. MisceLLANEous SCIENTIFIC INTELLIGENCE. 


1. The North Polar Basin.—In an address delivered before 
the Geographical Section of the British Association, Mr. Henry 
Seebohm gives an interesting account of the sudden coming of 
summer in high latitudes from which the following paragraphs 
are quoted: 

“The sudden arrival of summer on the Arctic Circle appears to 
occur nearly at the same date in all the great river basins, but 
the number of recorded observations is so small that the slight 
variation may possibly be seasonal and not local. The ice on the 
Mackenzie River is stated by one authority to have broken up on 
May 13th in latitude 62°, and by another on May 9th in latitude 
* 17°. If the Mackenzie breaks up as fast as the Yenisei—that is 
to say, at the rate of a degree a day—an assumption which is 
supported by what little evidence can be found—then the dif- 
ference between these two seasons would be nine days. My own 
experience has been that the ice of the Pechora breaks up ten 
days before that of the Yenisei, but as I have only witnessed one 
such event in each valley too much importance must not be at- 
tached to the dates. According to the Challenger tables of iso- 
thermal lines, the mean temperatures of January and July on 
the Arctic Circle in the valleys of the Mackenzie and the Yenisei 
scarcely differ, the summer temperature in each case being about 
55° F., and that of winter —25° F., a difference of 80° F. 

On the American side of the Polar Basin summer comes almost 
as suddenly as it does on the Asiatic side, but the change appears 
to be less of the nature of a catastrophe. The geographical 
causes which produce this result are the smaller area of the river 
basins and the less amount of rainfall. There is only one large 
river which empties itself into the Arctic Ocean on the American 
side, the Mackenzie, with which may be associated the Saskatche- 
wan, which discharges into Hudson Bay far away to the south. 
The basin of the Mackenzie is estimated at 590,000 square miles, 
whilst that of the Yenisei is supposed to be exactly twice that 
area, The comparative dimensions of the two summer floods are 
still more diminished by the difference in the quantity of snow. .. . 

The arrival of summer in the Arctic regions happens so late 
that the inexperienced traveler may be excused for sometimes 
doubting whether it really is going to come at all. When con- 
tinuous night has become continuous day without any perceptible 
approach to spring an alpine traveler naturally asks whether he 
has not reached the limit of perpetual snow. It is true that here 
and there a few bare patches are to be found on the steepest 
slopes, where most of the snow has been blown away by the 
wind, especially if these slopes face the south, where even an 
Arctic sun has more potency than ‘it has elsewhere. It is also 
true that small flocks of little birds—at first snow-buntings and 
mealy redpoles, and later shore larks and Lapland buntings—may 
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be observed to flit from one of these bare places to another look- 
ing for seeds or some other kind of food, but after all evidently 
finding most of it in the droppings of the peasants’ horses on the 
hard snow-covered roads. The appearance of these little birds 
does not, however, give the same confidence in the eventual com- 
ing of summer to the Arctic naturalist as the arrival of the swal- 
low or the cuckoo does to his brethren in sub-Arctie and sub- 
tropic climates. The four little birds just mentioned are only 
gipsy migrants that are perpetually flitting to and fro on the con- 
fines of the frost, continually being driven south by snowstorms, 
but ever ready to take advantage of the slightest thaw to press 
northwards again to their favorite Arctic home. They are all 
circumpolar in their distributions, are as common in Siberia as in 
Lapland, and range across Canada to Alaska as well as to Green- 
land. In sub-Arctic climates we only see them in winter, so that 
their appearance does not in the least degree suggest the arrival 
of summer to the traveler from the South. 

The gradual rise in the level of the river inspires no more con- 
fidence in the final melting away of the snow and the disruption 
of the ice which supports it. In Siberia the rivers are so enorm- 
ous that a rise of 5 or 6 feet is scarcely perceptible. The Yenisei 
is three miles wide at the Arctic circle, and as fast as it rises the 
open water at the margin freezes up again and is soon covered 
with the drifting snow. During the summer which I spent in the 
valley of the Yenisei we had six feet of snow on the ground until 
the first of June. To all intents and purposes it was mid-winter, 
illuminated for the nonce with what amounted to continuous day- 
light. The light was a little duller at midnight, but not so much 
so as during the occasional snowstorms that swept through the 
forest and drifted up the broad river bed. During the month of 
May there were a few signs of the possibility of some mitigation 
of the rigors of winter. Now and then there was a little rain, 
but it was always followed by frost. If it thawed one day it 
froze the next, and little or no impression was made on the snow. 
The most tangible sign of coming summer was an increase in the 
number of birds, but they were nearly all forest birds, which 
could enjoy the sunshine in the pines and birches, and which were 
by no means dependent on the melting away of the snow for their 
supply of food. Between May 16 and 30 we had more definite 
evidence of our being within bird flight of bare grass or open 
water. Migratory flocks of wild geese passed over our winter 
quarters, but if they were flying north one day they were flying 
south the next, proving beyond all doubt that their migration 
was premature. The geese evidently agreed with us that it 
ought to be summer, but it was as clear to the geese as to us that 
it really was winter. 

We afterwards learnt that during the last ten days of May a 
tremendous baitle had been raging 600 miles as the crow flies to 
the southward of our position on the Arctic Circle. Summer in 
league with the sun had been fighting winter and the north wind 
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all along the iine, and had been as hopelessly beaten everywhere 
as we were witnesses that it had been in our part of the river. 
At length, when the final victory of summer looked the most 
hopeless, a change was made in the command of the forces. 
Summer entered into an alliance with the south wind. The sun 
retired in dudgeon to his tent behind the clouds, mists obscured 
the landscape, a soft south wind played gently on the snow, 
which melted under its all-powerful influence like butter upon 
hot toast, the tide of battle was suddenly turned, the armies of 
winter soon vanished into thin water and beat a hasty retreat 
towards the pole. The effect on the great river was magical. 
Its thick armour of ice cracked with a loud noise like the rattling 
of thunder, every twenty-four hours it was lifted up a fathom 
above its former level, broken up, first into ice floes and then into 
pack ice, and marched down stream at least a hundred miles. 
Even at this great speed it was more than a fortnight before the 
last straggling ice-blocks passed our post of observation on the 
Arctic Circle, but during that time the river had risen 70 feet 
above its winter level, although it was three miles wide, and we 
were in the middle of a blazing hot summer, picking flowers of 
a hundred different kinds, and feasting upon wild ducks’ eggs of 
various species. Birds abounded to an incredible extent. Be- 
tween May 29 and June 18 I identified sixty-four species which I 
had not seen before the break up of the ice. Some of them 
stopped .to breed and already had eggs, but many of them fol- 
lowed the retreating ice to the tundra, and we saw them no more 
until, many weeks afterwards, we had sailed down the river be- 
yond the limit of forest growth. 

The victory of the south wind was absolute, out not entirely 
uninterrupted. Occasionally the winter made a desperate stand 
against the sudden onrush of summer. The north wind rallied 
its beaten forces for days together, the clouds and the rain were 
driven back, and the half-melted snow frozen on the surface. 
But it was too late; there were many large patches of dark 
ground which rapidly absorbed the sun’s heat; the snow melted 
under the frozen crust, and its final collapse was as rapid as it 
was complete. 

In the basin of the Yenisei the average thickness of the snow 
at the end of winter is about five feet. The sudden transforma- 
tion of this immense continent of snow, which lies as gently on 
the earth as an eider-down quilt upon a bed, into an ocean of 
water rushing madly down to the sea, tearing everything up that 
comes into its way, 1s a gigantic display of power compared with 
which an earthquake sinks into insignificance. It is difficult to 
imagine the chaos of water which must have deluged the country 
before the river beds were worn wide enough and deep enough to 
carry the water away as quickly as is the case now... .. 

The alternate marching of this immense quantity of ice up and 
down the Kureika was a most curious phenomenon. To see a 
strong current up stream for many hours is so contrary to all 
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previous experience of the behavior of rivers that one cannot 
help feeling continuous astonishment at the novel sight. The 
monotony which might otherwise have intervened in a ten-days’ 
march-past of ice was continually broken by complete changes in 
the scene. Sometimes the current was up-stream, sometimes it 
was down, and occasionally there was no current at all. Fre- 
quently the pack ice and ice floes were so closely jammed together 
that there was no apparent difficulty in scrambling across them, 
and occasionally the river was free from ice for a short time. At 
other times the river was thinly sprinkled over with ice blocks 
and little icebergs, which occasionally “calved” as they traveled 
on, with much commotion and splashing. The phenomenon 
technically called “calving” is curious, and sometimes quite 
startling. It takes place when a number of scattered ice blocks 
are quietly floating down stream. All at once a loud splash is 
heard as a huge lump of ice rises out of the water, evidently 
from a considerable depth, like a young whale coming up to 
breathe, noisily beats back the waves that the sudden upheaval 
has caused, and rocks to and fro for some time before it finally 
settles down to its floating level. There can be little doubt that 
what looks like a comparatively small ice block floating inno- 
cently along is really the top of a formidable iceberg, the greater 
part of which is a submerged mass of layers of ice piled one on 
the top of the other, and in many places very imperfectly frozen 
together. By some accident, perhaps by grounding on a hidden 
sandbank, perhaps by the water getting between the layers and 
thawing the few places where they are frozen together, the bot- 
tom layer becomes detached, escapes to the surface, and loudly 
asserts its commencement of an independent existence with the 
commotion in the water which generally proclaims the fact that 
an iceberg has calved. 

Finally comes the last march-past of the beaten forces of win- 
ter, the ragtag and bobtail of the great Arctic army that comes 
straggling down the river when the campaign is all over—worn 
and weather-beaten little icebergs, dirty ice floes that look like 
floating sandbanks, and straggling pack ice in the last stages of 
consumption that looks strangely out of place under a burning 
sun between banks gay with the gayest flowers, amidst the buzz 
of mosquitoes, the music of song birds, and the harsh cries of 
gulls, divers, ducks, and sandpipers of various species.” — 
Geograph. Journal, Oct., 1893. 

2. An Elementary Treatise on Analytical Geometry; by 
W. J. Jounson, M.A. pp. 425, 8vo, 1893 (Macmillan and Co., 
London and New York.)—This volume is stated to be based upon, 
and designed as an introduction to, Salmon’s well know mathemati- 
cal series. For this purpose we are inclined to regard Salmon’s 
conic sections as preferable; but the book will be acceptable to 
such as desire a limited course, selected paragraphs being marked 
out for their use accompanied by copious exercises. 
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APPENDIX. 


Arr. LIV.—Description of Miocene Mammalia; by 
O. C. Marsu. (With Plates VII-X.) 


THE object of the present article is to figure and to describe 
more fully a number of interesting remains of mammals 
which have already been named and briefly noticed by the 
writer. These specimens are mainly from the Rocky Mountain 
region, but a few were found on the Atlantic coast, in New 
Jersey, and, owing in part to this fact, it becomes possible for 
the first time to establish approximately in the Miocene a horizon 
common to the two regions. 


Protoceras celer, Marsh.* 


The type specimen of this genus and species is represented, 
one-half natural size, in the two figures on the accompanying 
plate, number VII. Figure 1 represents the skull seen from 
above, and showing on the parietal bones (y) the diminutive 
horn-cores (A) that suggested the generic name. The suture 
(s) between the parietals and frontals (/) is very distinct in | 
the specimen, and is clearly shown in the figure. The median 
elevation on the posterior part of the frontals is also well 
marked. The depression (a) in the maxillary is likewise a 
noticeable feature in this view of the skull. 

In figure 2 of Plate VII, the same skull is represented as 
seen from below. This view shows the dentition to be rumi- 
nant in type, with the premolars all unlike the molars. The 
posterior nares (”) are noteworthy for their forward position. 

The most interesting points in this type specimen were given 
by the writer in the original description above cited. The 
new genus Protoceras was shown to represent a distinct family, 
which was named the Protoceratide. Some characters seen 
in the type specimen suggested affinities with the Giraffes, and 
this fact was stated in the description. 

In the following year, 1892, Dr. J. L. Wortman discovered 
several specimens of Protoceras in the same region where the 
type was found, and later Prof. H. F. Osborn and Dr. 
Wortman published an important paper on the genus, with 
figures, based upon this material.t These specimens proved 
that the type was the skull of a female, and that the male 
skull had, in addition to protuberances on the parietals, a pair 


* This Journal, vol, xli, p. 81, January, 1891. 
¢ Bull. Amer. Mus., vol. iv, p. 351, 1892. 
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of elevations on the frontals, and a third pair on the maxilla- 
ries. With these were elongated canine tusks. The structure 
of the feet, also, was determined. 

The horizon was subsequently stated to be a distinct one, 
just above the Oreodon beds, and was named by Wortman the 
“ Protoceras beds.” 

In the Paleontology of von Zittel (vol. iv, pp. 405-407), 
figures of the type specimen of Protoceras are given, reduced 
from the original drawings represented on Plate VII of the 
present article; also figures of the male skull and the feet, 
taken from Osborn and Wortman’s paper. 


Elotherium crassum, Marsh.* 


The type specimen of the present species was discovered by 
the writer in August, 1870, in the lower Miocene of Colorado, 
but was not described until 18738. It was found associated 
with a skeleton of Brontotherium, and thus its horizon was 
definitely determined. A second specimen was secured in the 
immediate vicinity, and in the same stratum. Researches in 
the same region during several succeeding years brought to 
light a number of other specimens, including several skulls 
and portions of the skeleton of this and other allied species. 

Explorations begun by the writer in 1874, in Nebraska and 
Dakota, resulted in finding several additional specimens, and 
others have since been obtained in the same region during the 
explorations made for the U. S. Geological Survey. Still other 
- very perfect specimens have been secured by the Yale Museum, 
so that now ample material is available for investigating both 
the present species and its near allies. 

On Plate VIII of this article is represented, one-eighth 
natural size, a skull of Hlotheriwm crassum, which is one of 
the most perfect ever discovered. The lower jaws are in 
place, and the nearly complete dentition is present and in fine 
condition. Figure 1 shows this skull as seen from the left 
side, with the jaws shut closely together, as found. One of 
the most noticeable features is the long dependent process (7) 
on the malar bone, which in this species extends downward to 
the inferior margin of the lower jaw, in front of the angle. 
This is the case when these processes are somewhat expanded 
transversely, as shown in figures 2 and 3, which represent the 
skull as it lay in the matrix. Another peculiar feature shown 
in figure 1 is the series of processes on the lower jaw, the first 
(a) being the dependent, everted angle of the ramus; the sec- 
ond (6) a protuberance under the third lower premolar; and 
the third (¢) a process below the base of the canine. These 
processes are well shown, also, in figure 3. 


* This Journal, vol. v, p. 487, June, 1873, 
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Seen from above, in figure 2, the most noteworthy features 
are the small space occupied by the brain in the parietal region 
(p), the widely expanded malar processes (7), and the narrow, 
elongated facial portion. In this figure, the lower jaw is not 
represented. In figure 38, which shows the skull and lower 
jaws in position and seen from in front, many interesting 
points are shown. Copies of the original drawings of figures 
1 and 2 will be found in von Zittel’s Paleontology, Vol. 1V, 
», 337. 

The feet of Hlotherium have hitherto been known bnly 
imperfectly from fragmentary portions, but the extensive 
material already referred to has enabled the writer to make out 
their entire structure in the present species. In figures 4 and 5 
of Plate VIII, the manus and pes are represented, one-sixth 
natural size. It will be seen that in each foot there are only 
two functional digits, corresponding to the third and fourth in 
man. The first digit is entirely wanting, and only remnants 
remain of the second and fifth. 


Elotherium clavum, sp. nov. 


On Plate 1X, figure 1, is shown a skull of Evotherium, with 
the brain-cast in position, which agrees in many respects with 
the skull figured on the preceding plate, and described above. 
When first figured, the former skull was referred to Z. crassum 
(Dinocerata, p. 65, 1884), but a more careful comparison 
proves it to be distinct. It is considerably smaller than £. 
crassum, and the malar process is quite slender and tapering 
below. It extends directly downward, and hence is not seen 
in the top view of the skull. The length of this skull is six- 
teen inches, measured from the front of the premaxillaries to 
the back of the occipital condyles. The dentition agrees, in 
the main, with that of 2. erassuwm, the last lower molar in 
each having four cones only, and no heel. The malar arch 
and the dependent angle of the lower jaw will distinguish it 
from £. Mortoni. The type specimen here figured is from the 
Oreodon beds, near the White river, in southern Dakota. 


Ammodon Leidyanum, gen. nov. 


The teeth represented on Plate IX, figures 2 and 3, indi- 
cate a very large animal belonging to the same gone those 
last described, but differing in several respects. he first 
tooth, shown in figure 2, is the type specimen of Elotherium 
Leidyanum, already described by the writer.* It is the fourth 
premolar of the right lower jaw, and was found in 1867, in a 
Miocene deposit in Monmouth county, N. J. 


* Proc. Phila, Acad., vol. xxii, p. 3; and Geology of New Jersey, p. 740, 1868. 
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The tooth represented in figure 3 is the last right molar, 
and was found at the same locality under circumstances which 
render it probable that it may have pertained to the same 
animal. The premolar agrees closely in form with the cor- 
responding tooth in Hlotherium, but the last lower molar, 
shown in figure 3, has, in addition to the four cones character- 
istic of Elotherium, a distinct fifth posterior cone, or heel, not 
present in typical specimens of that genus. The two genera 
represent a distinct family, which may be called the Hlotheride. 


Ammodon (Hlotherium) bathrodon.* 


The type of the present species is the tooth shown on 
Plate IX, figure 4. It is the last lower molar of the right 
side, and, in its main features, agrees with the corresponding 
tooth last described. It indicates an animal somewhat smaller, 
but far exceeding in size most members of the group. Since 
this type specimen was described, two or three skulls of the 
same species have been secured by the writer, all found in the 
Miocene of Dakota, in the same general region where the type 
was discovered. These skulls agree in their general features 
with that of Hlotheriwm figured on Plate VIII, but the brain- 
case is proportionately larger, and the processes on the lower 
jaw are still more developed. The dependent angle of the 


lower jaw slopes backward, and not forward as in Elotherium 
crassum. The lower molar teeth, also, all have a posterior 
lobe more or less developed, and the last lower molar has a 
distinct heel. In one of these skulls, the space occupied by 
the upper premolar and molar teeth is twelve inches, and the 
space across the palate between the true molars is two and 
one-half inches. 


Ammodon potens, sp. nov. 

The present species is somewhat smaller than the one last 
described, and differs in having a proportionately more elongate 
skull and less robust teeth, especially in the molar series. All 
the lower true molars have a distinct posterior cone, and this is 
nearly as well developed on the first and second molars as on 
the last. The processes on the lower jaw are more elongate 
than in any other species of the group. The dependent 
process on the malar is also especially elongate. The spacc 
occupied by the lower premolar and molar series is twelve 
inches, and by the premolars alone seven and one-half inches. 
The depth of the lower jaw from the base of the canine to 
the end of the process below is seven and one-half inches, and 
the distance from the top of the fourth premolar to the end 
of the middle process below is seven inches. 

The type specimen of the present species is from the Miocene 
of Colorado. 

*,This Journal, vol. vii, p. 534, May, 1874. 
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Perchoeerus (Dicotyles) antiquus.* 


On Plate X, figure 1, is shown a last upper molar tooth, 
which may be provisionally referred to the genus Perchwrus 
of Leidy. It is from the Miocene of Monmouth county, N. J., 
from the same locality where was found the lower molar tooth 
deseribed by the writer as Dicotyles antiquus, and the two 
may be referred to the same species. The tooth is especially 
noteworthy in itself from the complicated structure of its 
crown, Which approaches that seen in the existing suillines. 
The lower molar tooth, the type of the species, has a crown of 
simpler structure, and may be distinct. 


Colodon luxatus, Marsh.t 


The type specimen of the present genus and species is rep- 
resented in part on Plate X, figures 2 and 3, which show the 
entire dentition of the lower jaw. In the original description 
cited above, it was shown that the present genus is probably 
nearly allied to Lophiodon, but could be readily distinguished 
from it by two inner cones on the upper premolars, and by the 
absence of canines in the lower jaw. The same characters and 
the presence of a posterior lobe on the last lower molar will 
separate it from //yrachyus. The type specimen is from the 
Miocene of South Dakota. 


Rhinoceros matutinus, Marsh. 


The lower molar tooth represented on Plate X, figure 4, is 
from the Miocene of Monmouth county, N. J., and was found 
in the same horizon and locality as the other specimens from 
New Jersey described above. Its main interest lies in this 
fact, the significance of which will be discussed later. The 
tooth is the last lower molar of the right side, and while the 
species appears to be distinct, the tooth agrees in its general 
structure with the corresponding molars of allied forms from 
the Rocky Mountains. 


All the type specimens above described are preserved in the 
Yale Museum. These remains have a special interest when 
considered in connection with the localities in which they were 
found. Those from the West are from three definite horizons 
in the Miocene, lying one above the other on the eastern flank 
of the Rocky Mountains. Those from the Atlantic coast are 
all from a single horizon in the same formation, and this 
* Proc. Phila. Acad., vol. xxii, p. 11, 1870. 


+ This Journal, vol. xxxix, p. 524, June, 1890, 
} Proc, Phila, Acad., vol. xxii, p. 3, 1870, 
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horizon, too, may now be sharply defined. The deposits 
containing the remains from New Jersey here described, and 
other vertebrate fossils obtained by the writer at the same or 
adjoining locaiities, form a well-defined stratum resting uncon- 
formably upon the Eocene greensand marls of Monmouth 
county, N. J. These Miocene deposits may be called the 
Ammodon beds, from the largest land animal hitherto found in 
them. So far as at present can be determined, this horizon 
corresponds most nearly to that in the Rocky Mountain region 
in which Ammodon bathrodon has been found. This subject 
will be discussed by the writer in a later communication. 


Yale University, New Haven, Conn., October 24, 1893. 


EXPLANATION OF PLATEs. 


PLATE VII. 


Figure 1.—Skull of Protoceras celer, Marsh; seen from above. 

Figure 2.—The same skull; seen from below. Both figures one-half natural size. 
a, depression in maxillary; f, frontal; h, horn-core; m, first molar ; 
mn, posterior nares; 0, orbit; p, parietal; pm, second premolar; s, 
suture between frontal and parietal. 


PLATE VIII. 


Figure 1.—Skull of Hlotherium crassum. Marsh; side view. 

Figure 2.—-The same skull; seen from above. 

Figure 3.—The same skull; front view. These figures are one-eighth natural size. 
a, angle of lower jaw; 0b, protuberance on margin of lower jaw: 
c, process below canine; /, frontal; m, malar process: mx, maxillary ; 
nm, nasal; p, parietal; pm, premaxillary ; s, squamosal 

Figure 4.—Left fore foot of Elotherium crassum ; front view. 

Figure 5.—Left hind foot of same species; front view. Both figures are one- 

sixth natural size. 

a, astragalus; c, caleaneum; R, radius; U, ulna; II-V, digits and 
remnants of digits. 


PLATE IX. 
FIGURE 1.—Skull of lotherium clavum, Marsh, with brain-cast; top view. 
About one-fifth natural size. 
Figure 2.—Fourth lower premolar of Ammodon Leidyanum, Marsh. One-half 
natural size. 
Figure 3.—Last lower molar of same species. Also one-half natural size. 
FiaurE 4,—Last lower molar of Ammodon bathrodon, Marsh. One-half natural size. 


PLATE X. 


Figure 1.—Last upper molar of Percherus antiquus, Marsh. Natural size. 

Figure 2.—Left lower jaw of Colodon luxatus, Marsh; side view. One-half 
natural size. 

Figure 3.—The same jaw; seen from above. 

Figure 4.—Last lower molar of Rhinoceros matutinus, Marsh. One-half natural size. 

Figure 5.—Portion of lower jaw of Laopithecus robustus, Marsh, Natural size, 
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Plate VII. 


PROTOCERAS CELER, Marsh. 


Am. Jour. Sci., Vol. XLVI, 1893. 
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GEORGE L. ENGLISH & COS 


Announcements. 


Medals Awarded.—Our friends will be glad to learn that we have 
been awarded two medals for our exhibit at the World’s Columbian 
Exposition ; 1st, For our Systematic Collection of Minerals; 2nd, For 
our Collection of Gems. 


NEW ARRIVALS. 


The material which we have secured for our customers at the World’s 
Fair will probably reach New York the latter part of November. The 
addition which it will make to our stock will be the most important in 
our history. 

Quartz on Chrysocolla, Arizona, one of the most beautiful of minerals, 
the bright blue chrysocolla being covered with transparent drusy quartz ; 
25c. to $10.00. 

Azurite crystals, Arizona ; a few very choice loose crystals and groups, 
$1.00 to $12.50. 

Wulfenite, Vanadinite and Descloizite, as fine as we have ever had— 
which is saying a great deal. 

Colorado Pyrite crystals, Amazon stone, Phenacite, Tellurium min- 
erals, Epidote crystals, etc., etc. 

Chilian Proustite, one worth $200.00, another $75.00; Amarantite, 
Sideronatrite, etc. 

Australian Opals, the finest ever found. 

Utah Clinoclasite, Erinite, Tyrolite, Conichalcite, etc. 

Canadian Apatite, Titanite, Pyroxene, Ouvarovite, etc. 

Nesquehonite, and Lansfordite,—no longer obtainable, a few speci- 
mens at $1.00 to $2.50. 

Japanese Topaz, Stibnite and Orthoclase. 

Ceylonese Ruby, Sapphire and Spinel crystals, unusually good. 

Franklin Rhodonite, a few of the magnificent specimens found six 
years ago, $5.00 to $75.00 each ; also other good Franklin minerals. 

European minerals, a splendid general assortment, including splendid 
crystals of Topaz, Aquamarine, Emerald, Axinite, Epidote, Hematite, 
Cassiterite, Fluorite, Calcite, Sulphur, Selenite, Smithsonite, Apatite, 

etc. 

We expect the closing of the World’s Fair to usher in a new period of 
prosperity in our business, and promise to spare no efforts to build up 
the finest stock of minerals in the world. Write to us for anything you 
want. 


LAPIDARY DEPARTMENT. 


We do the best face work in New York. Give us a trial whenever you 
have any extra fine work. 


GEO. L. ENGLISH & CO., Mineralogists, 
64 EAST 12TH ST., NEW YORK CITY. 
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